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ADVEETISEMENT 



There are already so many and such excellent editions of 
Euclid that to offer another, though only of Books I. and II., 
may be considered both superfluous and presuming. Yet, it 
would be somewhat rash, on the other hand, to say that we 
have arrived at perfection in the matter, and that no further 
attempts at improvement in the publication of Euclid — for be- 
ginners, at least — need be made. 

Every teacher of Euclid knows, and a long experience has 
confirmed the knowledge in myself, that the better the mere 
typical arrangement of the text, the more attractive the study 
of Euclid in itself is, and the quicker, and more complete, is the 
progress which the b^inner makes. If, further, the text can 
be expressed more distinctly, and be brought more fully 
within the boy's comprehension, so that he can readily per- 
ceive what he really has to do in * learning a Proposition,' as 
it is called^ and be led to put a definite value upon the 
statement of the abstract ti*uths he finds demonstrated, then 
every possible aid is afforded him in his often difficult and 
uninteresting work. These two points are aimed at in this 
edition of Euclid, as strictly a book for b^inners. If the way 
can be smoothed thus far, the rest of the road is fully open. 

As regards the first requisite, the typical arrangement of 
the text, it is hoped that the distinct expression, in red ink, 
of the particular enunciation with reference to the figure em- 
ployed, and the special statement of tlaa ^yqJ^ ^-^ ^-otj^^^ ^^ 
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be proved in the Proposition, will be found to contribute ma- 
terially to the advantages spoken of. A corresponding im- 
pix)vement is sought in the further use, to Prop. XXVI. 
inclusive, of i-ed ink, to denote the lines employed in the 
* construction ' of the several figures. 

And with reference to the second requisite, the language 
of the text itself, it is believed that by a very simple devia- 
tion from the usual phraseology of the demonstration, with- 
out any sacrifice of geometrical or logical truth, a great 
help will be afforded to the scholar, both in learning and re- 
membering the several Propositions. 

The alteration is chiefly this : — Through the whole of the 
First Book there runs, as a thread, the frequent comparison 
of two triangles. This comparison is usually made in a 
manner which, to a boy, seems unnecessarily cumbrous and 
puzzling. Of the three parts to be taken in each of the two 
triangles, as equal to each other, each to each, two are first 
taken, and their respective equalities stated ; then the thiixi 
in each is taken, and their equality asserted. By this a kind 
of break is made in the argument, which acts as a hindrance 
to a learner, unimportant as it may appear to be. Kow, surely, 
to take the three parts in each triangle, and to compare 
them, each with each, once for all, is just as correct, geome- 
trically and logically, and it is certainly by far the simpler 
plan. A reference to the proof of Proposition V. will explain 
iny meaning, and show, I think, the advantage claimed. 

This point allowed, the application of the principle through 
the whole Book tends greatly to simplify it, for the purposes 
stated. Again, another common defect in the text is that, 
after the necessary comparison of two triangles has been made, 
while often only one of the consequences deduciblo is required 
in the argument of the Proposition, all the consequences are 
stated. Surely this also is cumbrous and puzzling. 

For these, and other reasons which will speak for them- 
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selves in the several Propositions, I presume to issue this 
edition of Books I. and II. My original purpose would have 
been answered by the publication of Book I. only, but the addi- 
tion of Book II., which has also its especial features, will make 
the whole available for some of the examinations which have 
to be undergone, especially since all symbols, or abbreviations, 
which the several examining bodies disallow, are carefully 
excluded. I do not suppose that I have found out the * i*oyal 
road.' I shall be more than satisfied if I do' but indicate 
another step in that direction. 

I have not thought it necessary to introduce additional 
Problems, or Eiders. In doing so I should be departing 
somewhat from the object I have chiefly in view, of pre- 
paring a book especially suitable to beginners, who, when 
they are sufficiently advanced for such work, will find excel- 
lent and ample material for it elsewhere. I have, however, 
appended some very simple Exercises, generally variations 
authorised by the Propositions imder which they are placed. 
These, if they are not thought superfluous, will contribute 
to a more thorough understanding of the Propositions them- 
selves, and help to train the scholar for the higher efforts of 
the kind which he may afterwards have to make. 

Any favourable testimony that the use of this book may 
warrant will be appreciated, and suggestions and even hostile 
criticism shall have a hearty welcome, and the fullest atten- 
tion. 

F. B. HARYEY. 

CHBDDINGTOir KeCTORT, 

Tring. 



INTEODUCTION. 



The Propositions of Euclid are divided into two kinds, 
Problems and Theorems. Problems give something to be 
done, as the making of a Triangle. Theorems state some- 
thing to be proved, as that the angles at the base of an 
Isosceles Triangle are equal to each other. But in Problems 
as well as in Theorems, argument is employed. In a Theorem 
the necessity of ai^ument is apparent. In a Problem, after 
we have done what is required, we have to prove the accu- 
racy of our work. Every Proposition, therefore, is to be 
considered as a process of reasoning. This process is carried 
on step by step. We start from known truths or suppositions 
admitted, through others, plainly flowing from or connected 
with them, till we arrive at the conclusion to which they 
unavoidably lead us. Mere assertion is allowed no place in 
this process. The truth of everything stated must be capable 
of, and have, its necessary proof. This fact the scholar must 
bear in mind. Ho must remember that to learn a Proposi- 
tion is to get up an argument by which the statement con- 
tained in that Proposition is established. To say, or to write 
out, a Proposition is to reproduce that argument complete. 
When the scholar has grasped this idea of a Proposition, he 
will have made a great step, not only towards the study of 
Euclid successfully, but also attractively : * a consummation 
devoutly to be wished.' 

From this general view of a Proposition, in Euclid, we 
can now proceed to a closer one. 

Every Proposition contains what is called, 1. The Enun- 
ciation. 2, The Construction. 3. The Demonstration, or 
Proof. 
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1. The Enunciation is the original statement of the 
Problem, or Theorem, and it is of two kinds, general and 
particular. 

The General Enunciation is the statement asserted gene- 
rally, and printed here, and usually, in Italics. 

The Particular Enunciation is the repetition of the 
General, asserted with reference to the particular case in 
which we are about to consider it. This gives us also, in 
distinct terms, the statement to be proved, which is printed V 
here in red type. 

2. The Construction is the addition to the lines or figures, 
originally given, of such other lines, or figures, as are neces- 
sary to the argument required. These Construction lines 
and figures are also printed here, as far as Prop. XXVI. 
inclusive, in red. 

3. The Demonstration, or Proof, follows on the principles, 
above explained, of starting from truths known, or suppo- 
sitions admitted, through others flowing from, or connected 
with, them — such as Definitions, Axioms, Postulates, Hypo- 
theses, and other a,nd previov>8 Propositions — till we reach the 
evident conclusion, and this is the statement required in the 
Particular Enunciation to be proved. This conclusion is 
printed here in red type, which is thus used to show that the 
argument, or process of reasoning, employed is only an inter- 
vening part of the entire Proposition, and that the state- 
ment, originally made, has been demonstrated, as required. 
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DEFINITIONS. 

1. 
A Point is that which has position, but not magnitude. 

A geometrical point cannot be represented without magnitude. 
Its position is denoted by a letter, as the point A. 

2. 
A Line is length without breadth. 

A geometrical line cannot be represented without breadth. It 
is denoted by a letter, or letters, placed on the line, or at its ex- 
tremities. 



A' B 

3. 
The Extremities of a line are points. 

4. 

A Straight Line is that which lies evenly between its 
extreme points. 

This is sometimes called a inffht line. 

5. 

A Superficies is that which has only length and 
breadth. 

A geometrical superficies, or, as it is sometimes called, surface^ 
cannot be represented without dei^t\i, ot tVV^K^a^. '^Nife ^a^w» ^*v 
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any object gives us the best idea of a superficies, or surface. A 
superficies is denoted by letters placed at its sides, or extremities. 

6. 
The Extremities of a Superficies are lines. 



7. 

A Plane Superficies is that in which any two points 
being taken, the straight line between them lies wholly in 
that superficies. 

A Plane Superficies is sometimes called ' A Plane.' 
A brick has six plane superficies, or surfaces. 

8. 

A Plane Angle is the inclination of two lines to each 
other in a Plane, which meet together, but are not in the 
same direction. 

The term * angle ' in this definition denotes the opening which 
exists between two lines meeting in a ]>oint, in a plane. These 
' two lines ' may be straight, or curved, either or botn. "The only 
restriction is tliat they must meet each other, not in the same direc- 
tion, in a Plane. These Hone Angles are not introduced in Ele- 
mentary Geometry, which refers entirely to the Plane Rectilineal 
Angle spoken of in Definition 9. 

9. 

A Plane Eectilineal Angle is the inclination of two 
straight lines to each other, which meet together, but are not 
in the same straight line. 

This definition is a very important one, and it must be dis- 
tinctly understood. 

a. The plane rectilineal angle — angulus, a comer — is simply the 
opening between two straight lines meeting at, or starting from, 
the same point, as A. 




b. The point where these lines meet is called the vertex, and 
the lines themselves the arms of the angle. 
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c. An angle is denoted by a letter placed at its vertex, or by 
this letter with two others placed on, or at the extremities of, the 
lines or arms of the angle. 






Thus we have the angle A, or the angle BAO. The vertex 
letter is always the middle bne of the three. Hence the angle 
BAG is the same as the angle OAB. 

d. When several lines meet and form several angles, at the same 
vertex, we may consider one of such angles as a part of two or 
more ; and we may consider two or more of such angles combined 
as one angle. 




Thus we may consider the angle BAO as a part of the angle 
BAD, or BAE ; and we may crmsider the angles BAO and OAD 
and DAE combined as one angle BAE, &c. 

e. The magnitude of an angle is explained under def. 15. 

/, When a straight line meets anothei «»tt^i!^gDX.>Kafe^^'^'^«^ 
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in the latter which is not one of its extremities, the angles thus 
formed are adjacent angles. 



}i 







Thus the angles AOD and BOD are adjacent angles. 

(f. When two straight lines cut or intersect each other, the 
four angles thus formed are pairs of verticaUy opposite angles. 




Thus the angles AEO and BED are vertically opposite angles ; 
as also are the angles AED and BEG. 

10. 

When a straight line standing upon another straight line 
makes the adjacent angles equal to each other, each of these 
angles is called a Right Angle, and each straight line is said 
to be Perpendicular to the other. 



D 



15 



Thus each of the angles ABD and OBD is a right angle ; DB 
is perpendicular to AC, or to AB and BC ; also AB and CB are 
^^perpendicular to BD. 
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XV 



angle. 



11. 
An Obtuse Angle is one which is greater than a right 



12. 

An Acute Angle is one which is less than a right 
angle. 




13. 
A Term or Boundary is the extremity of anything. 

14. 

A Figure is that which is contained by one or more 
boundaries. 

15. 

A Circle is a plane figure contained by one line called 
the Circumference, and is such that all straight lines drawn 
from a certain point within it, called the Centre, to the 
circumference are equal to each other. Each of such equal 
straight lines is called a Kadius. 




Thus BCD is a circle with circumference BOD^ t.\Nfe ^iwvfcvt, K.^ 
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and each of the lines AB, AC, and AD is a radius. A part of the 
circumference, as BC, is called an arc. 

Magnitude of an Angle, 

1. The entire circumference of every circle is divided into 300 
parts, called degrees, each deg. = 60 minutes, and each min. = 60 
seconds; and an angle is said to contain as many degrees^, 
minutes % and seconds '% as are contained in the arc, or that part 
of the circumference which lies between the two lines forming the 
angle ; the angular point, or vertex, being the centre of the circle. 




Thu3 the angle BAG contains as many deg., min., and sees., as 
the arc BO in the smaller circle. 

The angle DAE contains as many deg., min., and sees, as the 
arc DE in the larger circle. 

Now, it can be proved that arc BO is the same part of its cir- 
cumference that DE is of its circumference. 

Therefore the angle BAG « the angle DAE, and hence — 

2. The length of the arms of an angle makes no difference in 
the magnitude of that angle. 

Note, also, the arms need not be of the same length. For it is 
plain that the angle BAG » the angle BAE, &c. 

3. The arms of a Right Angle include one-fourth part of the 
circumference. A Hight Angle contains, therefore, 90 degrees ; an 
obtuse angle contains mare, and an acute angle less, than 00 
degrees. 

16. 
A Diameter of a Circle is a straight line drawn 
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through the eerdrCy and terminated both ways by the cir- 
cumference. 




Thus BAG and DAE are diameters. A straight line drawn in 
a circle, not through the centre, and terminated both ways by the 
circumference is (billed a Chord, as the straight line BE. 

17. 

A Semicircle is that part of the circle which is con- 
tained by a diameter and the arc it cuts off. 

In the above figure, CDB, BEG, and ECD are Semicircles. 

18. 

A Segment op a Circle is that part of the circle which 
is contained by a chord and its arc. 

In the above figure the chord BE divides the circle into two 
segments BDCE and BFE. 

19. 

Rectilineal Figures are those which are contained by 
right or straight lines. 

20. 
A Triangle is contained by three straight lines. 

21. 

Quadrilateral Figures are contained by foiu* straight 
lines. 

22. 

Multilateral Figures, or Polygons, are contained by 
more than four straight lines. 
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23. 

An Equilateral Triangle has all its sides equal to 
each other. 




24. 

An Isosceles Triangle has two of its sides equal to 
each other. 




25. 

A Scalene Triangle has all its sides unequal to each 
other. 




26. 
A Right- Angled Triangle has one right angle. 





27. 
An Obtuse- Angled Triangle has one obtuse angle. 
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28. 
An Acute- Angled Triangle has three acute angles. 




29. 

A Square is a Quadrilateral having all its sides equal, 
and all its angles right angles. 



30. 

An Oblong is a Quadrilateral which has not all its sides 
equal, hut all its angles are right angles. 



31. 

A Rhombus is a Quadrilateral having all its sides equal, 
but its angles are not right angles. 
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32. 

A Rhomboid is a Quadrilateral having its opposite sides 
equal to one another, but all its sides are not equal, nor its 
angles right angles. 




33. 

All other Quadrilatiarals besides these are called Tra- 
peziums. 

Some writers on Mensuration of Surfaces speak of a Trapezoid 
as a Quadrilateral having one ^air of opposite sides parallel, and 
consider the Trapezium as having neither pair of opposite sides 

farallel. This is not in accordance with Euclid's language in Book 
. Prop. 35, where a Quadrilateral with one pair of opposite sides 
parallel is called a Trapezium. 

This thirty-third def. is limited by Def. 34, which is usuall y 
appended as a Note to the Enunciation of Prop. 34, Book I. 

34. 

A Parallelogram is a Quadrilateral of which the oppo- 
site aides are parallel ; and the diagonal^ or diameter, is the 
straight line joining two of its opposite angles. 

The Square, Oblong, Rhombus, and Rhomboid are each of 
them Parallelograms, as this definition shows. For the terms 
Rhombus and Rhomboid that of Parallelogram is often used ; and 
for Oblong the term Rectangle. 

35. 

Parallel Straight Lines are such as are in the same 
plane, and which, being continually produced, never meet. 
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POSTULATES. 



1. 



Let it be granted that a straight line may be drawn from 
any one point to any other point. 

2. 

That a terminated straight line may be produced to any 
length in a straight line. 

3. 

That a circle may be described from any centrei at any 
distance from that centre. 

The Postulates are * Bequests * that Euclid makes for certain 
things to be allowed as permissible in the study of Geometry. 
They are but three : 1 . The drawing of a straight line from any 
one point to any other. 2. The producing, to any length, of a 
straight line already drawn. 3, The describing of a circle f^om 
any centre with any radius. 



AXIOMS. 

1. 

Things which are equal to the same thing are equal to 
one another. 

2. 
If equals be added to equals, the wholes are equal. 

3. 

If equals be taken from equals, the remainders are equal. 

4. 
If equals be added to unequals, \iift -v^W^t^a ^x^^ssis«5i5^. 
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6. 

If equals be taken from unequals, the remainders are 
unequal. 

6. 

Things which are double of the same are equal to one 
another. 

Things which are halves of the same ai*e equal to one 
another. 

8. 

Magnitudes which coincide with one another — that is, 
which fill exactly the same space — are equal to one another. 

9. 
The whole is greater than its part. 

10. 
Two straight lines cannot enclose space. 

11. 
All right angles are equal to one another. 

12. 

If a straight line meets two straight lines so as to make 
the two interior angles on the same side of it, taken together, 
less than two light angles, these straight lines being con- 
tinually produced shall at length meet upon that side on 
which are "the angles which are less than two right angles. 

The Axioms are ' Common Notions,* or self-evident Truths. 
To them Euclid, on this ground, claims assent. Axioms 10, 11, 
and 12 are considered by some to be of the nature of Postulates 
rather than Axioms. This, however, is a distinction the conside- 
ration of which the beginner in Euclid may postpone. 
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HINTS TO THE LEARNEK. 

1. Make the figures of a good size, and as accurately as possible. 
A well-drawn figure is of great value towards the understanding of 
the Proposition. 

2. Do not copy the figures of any Proposition, but draw them, 
step by step, as directed in the * Construction.* 

3. Remember that in the * Proof ' of any Proposition Euclid 
employs those Propositions only which are previous to the one 
under consideration. He never expects you to have a knowledge 
beyond what you ought thus to have already acquired. 



EXPLANATION OF TERMS. 

A COEOLLARY is a Theorem, or Problem, which arises easily 
and directly from the Proposition to which it is attached. 

Hypothesis is a supposition assumed, for the time, to be true. 

Q. E. F. stand for Quod erat faciefidttmy meaning which was to be 
done. They stand at the end of Problems, 

Q. E. D. stand for Quod erat demonstrarfdum, meaning which was 
to be demonstrated or proved. They stand at the end of Theorems, 

The following abbreviations are used : 

ax, axiom. ext, exterior. 

alt, alternate. Jiff, figure. 

comp. complement. hyp. hypothesis. 

cons, construction. int interior. 

cor, COTollary. opp. opposite. 

def. definition. post, postulate. 
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Prop. I. Problem. 

To describe an equilateral triangle upon a given 

jmite straight line. 

Let AB be the given straight line. 

It is required to describe on AB an equilateral triangle. 




Construction. — 1. From centre A, with distance AB, de- 
scribe the circle BCD (post. 3). 

2. From centre B, with distance BA, describe the circle 
ACE. 

3. From point C, where the circles cut each other, draw 
CA and CB (post. 1). 

Then, it is to be proved that 

ABC is an equilateral triangle described upon AB. 

Proof. — Beccmse A is the centre of the circle BCD, 
therefore AB=:AC (def. 15). 

Similarly, because B is the centre of the circle ACE, 
th&refore BA=BC. 

But it has been proved that BA=AC, therefore AC=BC 
(ax. 1), a/iid therefore AB, BC, and CA ^ each other. 
Therefore, it is provedf, as required, that 

ABC is an equilateral triangle, described upon AB. 

Q. E. F. 
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Prop. II. Problem. 

From a given point to draw a straight line equal to a 

given straight line. 

Let A be the given point, and BC the given straight line. 
It is required to draw from A a straight line equal to BC. 




Construction. — 1. From A to B draw the straight line 
AB (post. 1). 

2. Upon AB describe the equilateral triangle BDA (1, 1 ). 

3. Produce DA and DB to the points E and F (post. 2). 

4. From centre B, with distance BC, describe the circle 
CHa, cutting DF in G (post. 3). 

6. From centre D, with distance DG, describe the circle 
GKL cutting DE in L. 

Then, it is to be proved that 

AL is the line drawn from A=BC . 
Proof. — Becav^e B is the centre of the circle CHG, 
th&refore BG=BC (def. 16). 

Similarly, because D is the centi-e of the circle GKL, 
therefore DG=DL. 

But in the lines DG and DL we have DB=DA (cons.), 
therefore BG=AL (ax. 3). 

Also it has been shown that BG=BC ; therefore AL=BC 
(ax. 1). 

Therefore, it is proved, as required, that 

AL is the line drawn from A=BC. ^ ^ _ 

Q. E. F. 
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Prop. III. Peoblem. 

From the greater of two given straight lines to cut off a 

part eqtuU to the less. 

Let AB and C be the two given straigbt lines, of which 
AB is the greater. 

It Ls required to cut off from AB, the greater, a f>art 
rqual t<) (', the less. 




CoNSTEUCTiON.— 1 . From A draw AD=C (I. 2). 

2. Fix)m centre A, with distance AD, describe the circle 
DBF, cutting AB in E (post. 3). 

Then, it 13 to be proved that 
AE is cut off from AB=C. 

Proof. — Because A is the centre of the circle DEF, 
therefore AE=AI> (def. 15). 

But AD=C (cons.); therefore AE=C (ax. 1). 

Therefore, it ia proved, as required, that 
AE is cut off from AB=C. 

Q. E. F, 

Fxerdses, 

1. Describe an equilateral triangle on a given straight 
line MN, with the vertex, O, below MN. 

2. Prove ?rop. II. when A is joined to C, instead of to B. 

N.B. — The Exercises given in the following pages are not 
necessarily connected with the Proposition under which 
they are placed. But they are strictly confined to that 
or to previous Propositions. 
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Prop. IV. Theorem. 

If two triangles have two sides of the one equal to two side 
of tJie other, each to each, and have also the angles can 
tained hy those sides equal to each other, then they shal 
liave their bases, or third sides, equal; and the two tri 
cmgles shall be eqtuil; and their 'other angles shall h 
equal, each to each, viz., those to whidi tJie equal side 
are opposite. 

In the triangles ABC and DEF let the sides AB an< 
AC, and their angle BAC, in the former:=the sides DE an< 
DF, and their angle EDF, in the latter, each to each. 

Thon it is to 1k' proved that 

1. The base BC = the base EF. 

2. The triangle ABC = the triangle DEF. 

3. The angle ABC = the angle DEF. 

4. The angle ACB = the angle DFE. 




B C E 




Proof. — If the triangle ABC be placed upon the triangl 
DEF so that the point A is on the point D, and the side A] 
on the side DE, then, because AB=DE (hyi^.),. therefore th 
point B shall coincide with the point E, and the side A] 
shall coincide with the side DE. 

Next, beca/use the side AB coincides with the side DE, an* 
beca/use the angle BAC = the angle EDF (hyp.), therefor 
the side AC shall fall on the side DF, and, because the poin 
A coincides with the point D, and. AC=DF, (hyp.), therefor 
thepohit C shall coincide with the point F« 
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But we have also seen that the point B coincides with 
the point E ; therefore the whole base BC shall coincide with 
the whole base EF. 

FoTy if the point B coincides with the point E, and the 
point C coincides with the point F, then, i/'the whole base BC 
does 7Wt coincide with the whole base EF, we have two 
straight lines enclosing a space, which is impossible (ax, 10). 

Therefore, 

1. The base BC coincides with the base EF. 

2. The triangle ABC coincides with the triangle DEF. 

3. The angle ABC coincides with the angle DEF. 

4. The angle ACB coincides with the angle DFE. 

And therefore, it is proved (ax. 8), as required, that 

1. The base BC = the base EF. 

2. The triangle ABC = the triangle DEF. 

3. The angle ABC = the angle DEF. 

4. The angle ACB = the angle DFE. 
Wherefore, 

If two triangles, <fcc, 

Q. E. D. 

» 

Exercises, 

1. Given the straight lines AB and CD, of which AB is 
the greater ; it is required to produce CD to make it = AB. 

2. Prove Prop. IV. when the triangle DEF is applied 
to the triangle ABC. 
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Prop. V. Theorem. 

Tlie cmgles at the base of an isosceles triamgle are equal to 
each other y amd^ if the equal sides are produced^ the ambles 
upon the other side of the base a/re also equal to ea>ch 
other. 

Let ABC be an isosceles triangle with the side AB = 
the side AC, and let AB and AC be produced to D and E 
respectively. 

'J'Jieii it Ls U) be proved that 

1. Tlio angles ABC and ACB, at tLo basn =: eacL 

utlier. 

2. TIio anodes DEC and EC13, upon the other side of 

the base, also = each other. 




CoNSTRUCJTiON. — 1. In BD take any point F. 

2. From AE cut off AG= AF (I. 3), and join BG and CF. 

Proof. — Because in the triangles FAC and GAB we 
have the sides FA and AC, and their angle FAC, in the former 
t= the sides GA and AB, and their angle GAB, in the latter, 
each to each (hyp. and cons.), therefore the base CF = the 
base BG, the angle ACF = the. angle ABG, and the angle 
AFC = the angle AGB (I. 4), i.e, the angle BFC = the 
angle CGB (note 2 def. 15). 

Nezt^ because in the triangles BCF and CBG we have 
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the sides BF and FC, and their angle BFC, in the former = the 
sides CG and GB, and their angle CGB, in the latter, each to 
each (cons, and proof above), therefore the angle BCF = the 
angle CBG, and the angle FBC = the angle GCB (I. 4), 
i.e, the angle DBG = the angle ECB (note 2 def. 15), and 
these are the angles upon the other side of tlie base. 

Further, because the angle ABG = the angle ACF, and 
the angle CBG = the angle BCF, as already proved, there- 
fore if the angle CBG be taken from the angle ABG, and 
the angle BCF be taken from the angle ACF, then the 
remaining angle ABC = the remaining angle ACB (ax. 3), 
and these are the angles at tlie base, 

Tlierefore, it is j^roved, as required, that 

J . The angles ABC and ACB, at the base = each 
other, and 

2. The angles DBC and ECB, upon the other side of 
the base, also = each other. 
Wherefore, 
The angles at the ba^e of an isosceles iria/ngle, d'c. 

Q. K D. 

Cor, Every equilateral triangle is also equiangular. 

Note. — ^It may assist the scholar, in learning this proposi- 
tion, to observe that in the first step in the proof the larger 
pair of triangle.^, FAC and GAB, and in the second step the 
smaUer pair, BCF and CBG, are taken. 

He will also notice that the equab'ty of the angles * on 
the other side of the base ' is proved, before the equality of 
those ' at the base ' is demonstrated. 



Exercise, 

Given an isosceles triangle BAC with the vertical angle 
at A bisected by AD drawn to BC ; prove that AD is per- 
pendicular to BC. 



8 EUCLID, BOOK I. 



Peop. VI. Theoeem. 

If two angles of a tricmgle a/re eqtud to each other, then the 
sides also which subtend, or are opposite to, the eqtud 
ai\gles, are equal to each other, • 

Let ABC be a ti*iangle having the angle ABC = the 
angle ACB : 

'I'liou it iw to Ik? provt^ tLat 

Thtvside Ar> = the side AC. 




CoNSTEUCTiON. — Suppose that AB is greater than AC. 

From AB cut off a part DB = AC (I. 3) and join CD. 

Peoof. — Because in the triangles DBC and ACB we have 
the sides DB and BC and their angle DBC, in the former = 
the sides AC and CB, and their angle ACB, in the latter, 
each to each (hyp. and cons.), therefore the triangle DBC = 
the triangle ACB (I. 4), i,e. a part = the whole, which is 
absurd (ax. 9). 

Therefore, the supposition that AB is greater than AC is 
absurd. 

Similarly the supposition that AB is less than AC might 
be shown to be absurd. 



PROP VI. THEOREM. 9 

Therefore, it is proved, as required, that 

The side AB = the side AC. 

Wherefore, 

If two angles of a trUiTigle, dhc. 

Q. E. D. 

Cor, — Eveiy equiangular triangle is also equilateral. 

N.B. — The proof here given is an instance of what is called 
Indirect Demonstration, This means, the truth of the 
statement asserted is only proved by showing that ab- 
surdity follows from an argument based on the sup- 
position that such statement is not true. 

The scholar must be careful to notice that the term 
* absurd,' which is foimd in this method of proof, does 
not apply to the evUire demonstration, but only to the 
hypothesis on which it is based. The chain of argument 
beyond this, in these cajses, is strictly correct. 



Uicerdses. 

1. Prove the above Proposition on the supposition that 
AC is greater than AB. 

2. If a straight line DA be drawn at right angles to 
another straight line BC from its middle point D, prove, if 
BA and CA be joined, that BA ss CA, 



n Z 
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Prop. VII. Theorem. 

Upon the sa/me base, and on the same side of it, there 
can/not be two tria/ngles that ha/oe their sides terminated 
in one extremity of the base equal to each other, and 
likevnse those which are terminated in the other extremity 
of the base equal to each other. 

Suppose it possible that on the same base, AB, and on 
the same side of it — e,g, above it — there cam, be two triangles, 
ACB and ADB, having the sides AC and AD terminated in 
one extremity of the base, A,=: each other, and having 
also the sides BC and BD terminated in the other extremity 
of the base, B,:= each other ; 

Then this supposition will present itself in three cases. 

( /ASE 1. — Where the vertex of eacli triangle falls vAthout 
the other, as in the following figure. 

Construction. — Join the ver- 
? tices CD. 

Proof. — Because in the triangle 
ACD the side AC = the side AD 
(hyp.), therefore the angle ACD = 
the angle ADC (I. 5). 

But the angle ACD is greater 
than the angle BCD(ax. 9) ; there^ 
fore the angle ADC is also greater 
than the angle BCD. 

Again, because the angle BDC is greater than the 
angle ADC (ax. 9), therefore the angle BDC is much greater 
thaji the angle BCD. 

Next, because in the triangle BDC the side BD = the side 
BC (hyp.), therefore the angle BDC = the angle BCD (I. 5). 

But we have just proved that the angle BDC is 
^^much greater " than the angle BCD. 

Therefore, on the above supposition, the angle BDC is 
both equal to, and greater tha/n, the angle BCD, which is 

absurd. 

Therefore the above supposition is false a.s referrexl to 

Ca5E I., where the vertex of one triangle falls without the 

other. 

We now pass on to consider this same supposition under 

Case II. — Where tJie vertex of one triangle, D, falls 
u^Mm the other, as in the following figure. 
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Construction. — 1. Join the vertices CD. 

2. Produce AC and AD to E and F respectively. 

Proof. — Becatise in the triangle 
ACD, the side AC=the side AD 
(hyp.) and these sides are produced 
to £ and F respectively, therefore 
the angle ECD = the angle FDC 
(I. 5). 

But the angle ECD is greater 
than the angle BCD (ax. 9) ; 
therefore the angle FDC is alio 
greater than the angle BCD. 

Again, because the angle BDC 
is greater than the angle FDC (ax. 9), tlierefore the angle 
BDC is mu4:h greater than the angle BCD. 

Next, because in the triangle BDC, the side BD = the side 
BC (hyp.), therefore the angle BDC = the angle BCD (I. 5). 

But we have just proved that the angle BDC is "mtteh 
greater " than the angle BCD. 

Tlierefore, on the above supposition, the angle BDC is 
both equal to, and greater than, the angle BCD, which is 
absurd. 

Therefore the above supposition is false ixs referietl to 
Case II.,w}iere the vertex of one triangle falls within the other. 

Case III. — Where the vertex of one triangle falls on a 
side of the other, as in the following figure. 

In this case it is 
evident that if one pair 
of the sides which are 
terminated in one extre- 
mity of the base, eg. AC 
and AD, terminated in 
A, equal each other, then 
the other pair, BC and 

BD, terminated in B, a. ^ ^ B 

cannot be equal to each 

other, as the Proposition requires, and therefore this case is 

to be dismissed. 




Wherefore, 

Upon the sa/me base, ike. 



Q..lg..Ii 
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Prop. VIII. Theorem. 

If two triangles have the three sides of the om equaZ to the 
three sides of the other, each to each, then the cmgle which 
is contained by amy two sides of the one triangle shaU he 
equal to the angle contained by the two sides, equal to 
tJiem, of the other. 

In the triangles ABC and DEF, let the sides AB, BC, 
and CA in the former = the sides DE, EF, and FD in 
the latter, each to each. 

Tlu.'ii it is to Ix? proved that 

1. Th(j angle BAC = the angle EDF. 

2. Tlio angle ABC = .the angle DEF. 

3. l^ho angle ACB =r the angle DFE. 

T) a 





B 



Proof. — 1. If the triangle ABC be placed upon the 
triangle DEF, so that the point B is on the point E, and the 
side BC upon the side EF, then, because BC = EF (hyp.), 
therefore the point C will coincide with the point F, and 
because the point B coincides with the point E, and the point 
C with the point F, therefore the side BC coincides with the 
side EF. 

Next, because the side BC coincides with the side EF 
therefore the sides BA and AC shall coincide with the sides 
ED and DF respectively. 

For, if BC coincides with EF, and then BA and AC do not 
coincide with ED and DF, suppose that BA and AC have 
another direction, as EG and GF, then, if this be true, we 
shall have upon the same base EF, and upon the same side 
of it^ two triangles in a manner which is impossible (I. 7). 
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Therefore, if BC coincides with EF, then BA and 
AC must coincide with ED and DF, cmd the angle BAG 
will coincide with, and equal, the angle EDF (ax. 8). 

Theiv.iore, it is pruved, qj& re<iuiied, that 

1. I^he angle BAG = tlie angle EDF. 

Sim/iUirly , 

2. The angle ABG = the angle DEF. 

3. The angle AGB = the angle DFK. 

WJierefore, 

If two tricmgles, d:c, 

Q. E. D. 

N.B. — The equality of the two triangles, in every respect, 
follows from this Proposition, as it does from Prop. lY. 



Exerciaea, 

1. In the fig. Prop. I. if E be the point where the circles 
intersect below AB, and AE and BE be joined ; prove that 
the angle AGB = the angle AEB. 

2. If BG be the base of an isosceles triangle with vertical 
angle at A ; prove that if a line AD bisects the base BG, it 
bisects also the vertical angle BAG. 
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Prop. IX. Problem. 

To bisect a given rectilineal cmgUj Le, to divide it into 

two equal parts. 

Let BAG be the given rectilineal angle : 

1 1 is required to bisect it. 

A 




Construction. — 1. In AB take any point, D. 

2. From AC cut off AE = AD (I. 3). 

3. On DE construct an equilateral triangle DEF (I. 1). 

4. Join AF. 

Then it is to be proved that 

The rectilineal angle BAG is bisected by the line AF. 

Proof. — Because in the two triangles BAF and EAF, 
we have the three sides DA, AF, and FD in the former 
=the three sides EA, AF, and FE, in the latter, each 
to each (cons.), therefore the angle DAF = the angle EAF 
(I. 8), i.e. the angle BAF = the angle CAF (note 2 def. 15). 

Therefore, it is proved, as required, that 
The rectilineal angle BAG is bisected by the line AF. 

G. ^. F. 

Exercise* 

In the ^g. Prop. I. if E be the point where the circles 
intei-sect below AB, and AE and BE be joined ; prove that 
A.B bisects the angle OBE. 
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Prop. X. Problem. 

To bisect a given finite straight line, i,e, to divide it into 

two equal parts. 

Let AB be the given finite straight line : 

It in required to bise-ct it. 




Construction. — 1. On AB constnict an equilateral tri- 
angle ABC (I. 1). 

2. Bisect the angle ACB by CD, cutting AB in D (I. 9.) 

Then it is to be proved that 

The given straight line AB is bisected in D. 

Proof. — Because in the triangles ACB and BCD we 
have the sides AC and CD, and their angle ACD, in the 
former = the sides BC and CD, and their angle BCD, 
in the latter, each to each (cons.), therefore the base AD 
= the base BD (I. 4). 

Tlierefore, it is proved, as required, that 
The given straight line AB is bisected in I). 

Exercise, 

Given an isosceles triangle BAC with the vertical angle 
at A bisected by AD, meeting BC in D j prove that BC is 
bisected in D. 
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Peop. XI. Problem. 

To draw a straight line at right angles to a given 
straight line,Jrom a given point in the same. 

Let AB be the given straight line, and C the given point 
in it : 

It is re(]uired to draw from C a straigiit line itt right 
angles to AI^. 




E B 



Construction. — 1. Take any point D in AC. 

2. Make CE = CD (I. 3). 

3. Upon DE construct an equilateral triangle DFE (1. 1 ) ; 

4. Join FC. 

llien it is to be proved that 

Tb(j straight line FC is drawn fix>m C at light angles 
t^> AP>. 

Proof. — Because in the triangles DCF and ECF we 
have the three sides DC, CF, and FD, in the former = 
the three sides EC, CF, and FE, in the latter, each to each 
(cons.), there/ore the angle DCF = the angle ECF (I. 8), 
and these are adjacent angles, and therefore right angles 
(def. 10). 

Thorcfore, it is proved, as required, that 

The straight line FC is drawn from C at right angles 



to A B. 



Q. E. F, 
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COROLLAEY. 

By help of this Problem it may be demonstrated that 
Two straight lines cannot have a common segment. 

E 



D 






A B C 

Suppose it possible that ABC and ABD are two straight 
lines, with a common segment, or part, AB. 

Construction. — ^Prom B draw BE at right angles to AB 

(1. 11). 

Proof. — Because ABC is a straight line (hyp.) with BE 
perp. to it (cons.), therefore the angle ABE = the angle EBC 
(def. 10) ; cmd hecauseA.'BD is a straight line (hyp.) with BE 
perp. to it (cons.), therefore the angle ABE = the angle EBD 
def. 10) ; cmd therefore the angle EBD = the angle EBC 
ax. 1), i.e. the less = the greater, which is absurd (ax. 9). 

The same result would follow for any other position of 
ABC and ABD, with AB as a part of each. 

Therefore, it is proved, as required, that 

Two straight lines cannot have a common segment. 

Q. E, D. 

Exercises, 

1. Two points, A and B, are given above a straight line 
CD ; fmd a point E in the straight line CD, so that if AE 
and BE be joined, AE = BE. 

2. Find the same when A is above, and B below^ the 
straight line CD, but the line joining A and B not perpendi- 
cular to CD. 

3. Find the same when A is above, and B in, the straight 
line CD. 
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Prop. XII. Problem. 

To dra/vo a straight line at right a/ngles to a given straight 
line of unlimited length, from a given point toithout it. 

Let AB be the given straight line of unlimited length, or 
that which may be produced to any distance, both ways ; 
and C the given point without it. 

It is required to draw from C a straight line at right 
uiigleti U) A ]j. 




B 



Construction. — 1. Take any point, D, upon the other 
side of AB. 

2. From centre C with distance CD describe the circle 
EFG, cutting AB in F and G (post. 3). 

3. Bisect FG in H (1. 10). 

4. Join CF, CH, and CG. 

Then it is to 1x3 proved that 

'I'he straight line CH is drawn from C at right 
angles to AB. 

Proof. — Because in the triangles FHC and GHC, we 
have the three sides FH, HC, and CF, in the former = 
the three sides GH, HC, and CG, in the latter, each to each 
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(cons.), therefore the angle FHC = the angle GHC (I. 8); 
and these are adjacent angles, and therefore right angles (d^. 
10). 

Therefore, it is proved, as required, that 

The straight line CII is drawn from C at right angles 

Q. E. F. 

Exercises, 

1. Let ABCD be a square and AC and BD its diagonals ; 
jyrove that AC = BD. 

2. Let ABCD be a rhomboid; prove that its opposite 
angles = each other. 

3. Let ABCD be a rhombus with diagonal AC ; prove 
that the angle DAC = the angle BAC, and that the angle 
BCA = the angle DCA. 



20 EUCLID, BOOK I. 






Prop. XIII. Theorem. 



TJiA cmgles which one straight line mctkes with another upon 
one aide of it are either two right cmgles, or are tog^her 
equal to ttvo right cmgles, 

Qase I. — When the angles are equal to each other. 



B 



Let the straight line AB make with the straight line CD, 
on one side of it, the angles ABC and ABD = each other. 

Then it iH to he proved that 

Thfj angles ABC and ABD a/re two right angles. 

Proof. — Because the angle ABC = the angle ABD (hyp.), 
therefore each of them is a right angle (def. 10). 

'rhtjrefore, it is proved, as required, that 

Tho angles ABC and ABD are two right angles. 

Case II. — When the angles are not equal to each 
other. 

Let the straight line AB make with CD, on one side of 
it, the angles ABC and ABD not equal to each other. 
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Then it is to be proved that 

The angles ABC and ABD are together = two right 
ari-gles. 




B 



Construction. — Draw BE at right angles to CD (1. 11). 

Proof. — The angles DBE and CBE = two right angles 
(def. 10). 

^ow,^ the angle EBC = the angles ABC and ABE, and, 
adding angle EBD to each of these, then the angles EBC 
and EBD = the angles ABC, ABE, and EBD (ax. 2). 

Again,'^ the angle ABD = the angles ABE and EBD, 
and, adding angle ABC to each of these, then the angles 
ABD and ABC = the angles ABC, ABE, and EBD (ax. 2). 

But, as above, the angles EBC and EBD=the same angles 
ABC, ABE, and EBD; therefore the angles EBC and 
EBD = the angles ABD and ABC (ax. 1). 

But the angles EBC and EBD = two right angles 
(cons.) ; therefore the angles ABD and ABC = two right 
angles (ax. 1). 

Therefore, it is proved, as required, that 

The angles ABC and ABD are together equal to two 
right angles. 

Where/ore, 

The angles which one straight line makes vnth another, 
d:c, 

Q. E. D. 

* Le, the double angle on the ri^ht side of the figure. 
2 I,e, the double angle on the l^ aide ot tbA '^^'ox^. 
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Prop. XTV. Theorem. 

If at a point vn a straight liney two other straight lineSy upon 
opposite sides of it, make the adjacerU cmgles together 
equal to two right a/ngles, then these two straight lines 
shaU he in one and the saane straight line. 

At tbe point B, in the straight line AB, let the two 
straight lines BC and BD, on opposite sides of AB, make the 
adjacent angles ABC and ABD together = two right angles. 

Then it ia to be proved that 

llie two straii^ht lines BC and BD are in one and the 
same straight line. 




Construction. — If BC and BD are not in the same 
straight line, then suppose that BC and BE are, i.e. that 
CBE is one straight line. 

Proof. — Because CBE is a straight line, and AB is 
another line fsJling upon it in B, therefore the angles ABC 
and ABE together = two right angles (I. 13). 

But the angles ABC and ABD together = two right 
angles (hyp.), and there/ore' ihe angles ABC and ABD = the 
angles ABC and ABE (ax. 1). Take away the common 
angle ABC, and th>en the angle ABE = the angle ABD (ax. 
3), i.e. a paj*t = the whole, which is ahsurd (ax. 9). 

There/ore the supposition that BC and BE are in the 
same straight line is false. 

Similarly it can be proved that only BC and BD are in 
the same straight line. 

Therefore, it ia proved, as required, that 

The two straight lines BO and BD are in one and the 
same straight line. 
Wlierefore, 

point in a straight line, d:c. 

Q. E. D. 
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Prop. XV. Theorem. 

If two straight lines cut one another, then the vertical, 
or opposite, a/ngles a/re equal to each ot?ier. 

Let the two straight lines AB and CD cut each other in 
he point E. 

Thrn it is to be proved that 

The angle AEC = the angle BED, and 
Similarly, 

The angle CEB = the angle AED. 




Proof. — Because the angles AEC and AED = two right 
angles, and because also the angles AED and DEB:=two right 
ingles (I. 1 3) ; therefore the angles AEC and AED = the 
.ngles AED and DEB (ax. 1) ; take away the common angle 
^ED from each, then the remaining angle AEC = the re- 
oaining angle DEB. 

Thotrefore, it is proved, as required, that 

The angle AEC = the angle BED. 
Similarly, 

The angle CEB = the angle AED. 
WJierefore, 
If two straight lines cut one a/nother, <lcc, 

Q. E. D. 

Corollaries. 

1. If two straight lines cut one another, the four angles 
hey make at the point where they cut, are together equal to 
bur right angles. 

2. If any number of straight lines cut one another, all 
he angles made by them where they cut, are together equal 
o four right angles. 

Exercises. 

1. Prove in Prop. XV. that the angle CEB = the angle 
LED. 

2. Prove each of the above Corollaries. 
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Prop. XVI. • Theorem. 

If (me side of a tricmgle be produced, the exterior angle 
is greater them either of the interior opposite cmgles. 

Let ABC be a triangle, and let the side BC be produced 
toD. 

Thon it, is U) U^ proves! that 

Th*' «ix<^^ri(>r Jinj^le ACT) shall be greater than either 
iho ijit^'iior ()])jK>site angles ABC or BAC* 




Construction. — 1. Bisect AC in E by the line BE 
(I. 10). 

2. Produce BE to F (post. 2) making EF = BE (I. 3), 
and join FC. 

Proof. — Beccmse in the triangles AEB and FEC, we have 
the sides AE, and EB, and their angle AEB, in the former 
= the sides CE and EF, and their angle FEC, in the latter, 
each to each (cons, and I. 15), therefore the angle BAJB = 
the angle ECF (I. 4), i,e. the angle BAC = the angle ACF 
(note 2 def. 15). 

But the angle ACD is greater than the angle ACF (ax. 
d), i.e. the exterior angle ACD is greater than the interior 
opposite angle BAC. 

Simila/rly, 

If we bisect BC and produce AC to G, <fec., as before, 
them, the angle BCG would be proved to be greater than the 
angle ABC. 
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But the angle BCG = the angle ACD (I. 15), therefore 
the exterior angle ACD is gre(xter than the interior opposite 
angle ABC. 

Therefore, it is proved, as required, that 

The exterior angle ACD is greater than either the IdI. 
opp. angles ABC or BAC. 

Wherefore^ 
If one side of a triangle he produced, d:c. 

Q. E. D, 

* With ACD as the acterior angle, there are three in- 
terior angles, BAC, ABC, and ACB. But angle ACB is 
interior and adjacervt, "whilst the angles BAC and ABC are 
interior and opposite] and it is of these the Proposition 
spe&Ks. 



Exercises, 

1. Prove, in Prop. XVI., that when BC is bisected, and 
AC produced to G, the angle BCG is greater than the angle 
ABC. 

2. If ABC be a triangle -with the side BC produced to 
D, and with the exterior angle ACD bisected by CF, and the 
interior adjacent angle ACB bisected by CG 3 prove that the 
angle GCF = a right angle. 



c 
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Prop. XVII. Theorem. 

Any ttoo angles of a triangle are togetlier less tham, two 

right angles. 

Let ABC be a triangle. 

Thon it is to W proveil that 

Tlie angles ABO and ACB are together less than two 
risjjht angles. 

Similarly, 

The angles ABC and BAC are together less than two 
right angles ; 

And the angles ACB and BAC are together less than 
two right angles. 

A 




Construction. — Produce the side BC to D. 

Proof. — Because the exterior angle ACD is greater than 
the interior and opposite angle ABC (I. 16), add to each of 
these the angle ACB, then the angles ACD and ACB are 
greater than the angles ABC and ACB (ax. 4). 

But the angles ACD and ACB = two right angles (I. 
13), and 

Tliei-efoi-e, it is proved, as required, that 

The angles ABO and AOB are U^s than two right angles. 

Similarly, 

The angles ABC and BAC are together less than two 
right angles. 

And the angles ACB and BAC are together less than 
two right angles. 

Wherpfore, 

Any two ambles of a triangle, dec. 

Q.E.T) 
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Prop. XVIII. Theorem. 

The angle which is opposite to the greater side in any triangle 
is greater than the an/gle whit^ is opposite to the less. 

Let ABC be a triangle, of which the side AC is greater 
ihan the side AB. 

Then it is to be proved that 

The angle ABC is greater than the angle ACB. 

A. 




Construction. — Because AC is greater than AB (hyp.), 
nake AD = AB (I. 3), and join BD. 

Proof. — Now^ the exterior angle ADB is greater than 
he interior and opposite angle BCD (I. 16), i.e, the angle 
3CA (note 2 def. 15) ; amd the angle ABD == the aogle ADB 
I. 5) ; therefore the angle ABD is also greater than the 
,ngle BCA. 

Again, the angle ABC is greater than the angle ABD 
ax. 9). 

Therefore, it is proved, as reqniied, that 

The angle ABC is greater than the angle ACB. 

Wherefore, 
In amf trian/gle, &c. 

Q. E. D, 

Exercise, 

Prove, in Prop. XVII., that, as stated, the angles ABC 
nd BAC are together less than two right angles. 



c2 
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Prop. XIX. Theorem. 

Tlie side which is opposite to the greater a/ngle in any 
triangle is greater than the side which is opposite to the Us9. 

Let ABC be a triangle, of which the angle ABC is greater 
than the angle AOB. 

Then it is to be proved that 

The side AC is gi^eater than the side AB. 

A 




Proof. — If the side AC is not greater than the side AB, 
then it is plain that AC must be either = or less than AB. 

Now, if the side AC = AB, then the angle ABC = the 
angle ACB (I. 5) ; hut the angle ABC is greater than the 
angle ACB (hyp.), therefore the side AC is not ^ the side 
AB. 

Nexty if the side AC is less than the side AB, then the 
angle ABC is less than the angle ACB (1. 18); but the angle 
ABC is greater than the angle ACB (hyp.), therefore the 
side AC is n^t less than the side AB. 

Since, then, the side AC is neither equal to nor less than 
the side AB, 

Therefore, it is proved, as required, that 
The side AC is greater than the side AB. 

WJierefore, 
In any tricmgle, <Scc, 

Q. E. D. 



PROP. XX. THEOREM. 29 



Prop. XX. Thborem. 

Any two aides of a triangle are together greater than the 

third side. 

Let ABC l>e a triangle. 

Til en it is to be proved that 

The sides BA and AC are together greater than tlie 
side BC. 

Similarly, 

The sides AB and BC are together greater than the side 
AC. 

And the sides BC and CA are together greater than the 
side AB. 




Construction. — ^Produce BA to B, making AD = AC 
(I. 3), and join DC. 

Proof. — Because the side AD = the side AC (cons.), 
therefore the angle ADC = the angle ACD (I. 5); but the 
angle BCD is greater than the angle ACD (ax. 9) ; therefore 
the angle BCD is greater than the angle ADC, i.e. the angle 
BDC (note 2 def. 15), and therefore the side BD is greater 
than the side BC (I. 19). 

But the side BD = the sides BA and AC (cons.) 

Therefore, it is proved, as required, that 

The sides BA and AC are together greater than tlit' 
side BC. 

Similarly, 

The sides AB and BC are together greater than the 

side AC, and 
The sides BC and CA are together greater than the 

side AB. 

WTierefore, 
Any two sides of a triangle, iScc, 

Q, E. D. 
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Prop. XXI. Theorem. 

If from the ends of the side of a tricmgle two straight limes he 
droAJon to a point within the tricmgle, these shaU be to- 
gether less than the other two sides of the triangle, btU they 
shall contain a greater angle. 

Let ABC be a tnangle, and &om B and 0, the ends of 
the side BC, let the two straight lines BD and CD be drawn 
to a point I) within the triangle. 

Then it is to be proved that 

1. The two lines BD and DC ai-e tx)gether less than 
the two sides BA and AC ; but 

2. The angle BDC Is greater than the angle BAG. 




Construction. — ^Produce BD to meet AC in E.. 

Proof. — Becaitse in the triangle BAE, the sides BA 
and AE are together greater than BE (I. 20), add to each of 
these EC ; then the sides BA, AE, and EC, i.e. the sides BA 
and AC, are together greater than the sides BE and EC 
(ax. 4). 

Again, becavse in the triangle CED the sides CE and ED 
are together greater than CD (I. 20), add to each of these 
DB, then the sides CE, ED, and DB-, i.e. the sides CE and 
EB, are together greater than the sides CD and DB (ax. 4). 

But we have already proved that the sides BA and AC 
are together greater than the sides CE and EB ; one? therefore 
the sides BA and AC are together much greater than the 
'~ and BD. 
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Therefore, it is proved, as required, that 

1. The two lines BD and DC are together Itss tiiivn 
the two sides BA and AC. 

Next, heccmse the exterior angle BDC of the triangle DOE 
is greater than the interior and opposite angle CED (I. 16), 
i.e. the angle CEB (note 2 def. 15), cmd also tiiie exterior angle 
CEB is greater than the interior and opposite angle BAE 
(1. 16), i.e. the angle BAG, 

Therefore, it is proved, as recpiii-ed, that 

2. The angle BDC is gi'eator than the angle BAC. 

Whereforey 
If from the epda, <i:c, 

Q. K D. 

Exercises. 

1. If from a point A two straight lines, AB and AC, he 
let fall upon another straight line ED, the line AB heing 
perpendicular to ED ; prove that AB suhtends, or is opposite 
to, an acute angle. 

2. Prove, in Prop. XX., that, as stated, the sides AB and 
BC are togel^er greater than the side AC. 

3. If a point A and a straight line BC be given ; prove 
that the shortest line that can be drawn from A to BC, say 
AX>, is perpendicular to BC. 
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Prop. XXII. Problem. 

To make a tricmgle of which the sides shall be equal to three 
given straight lines, any two of which are together greater 
than the third. 

Let A, B, and C be three given lines any two of which 
are together greater than the third. 

It is required to make a triangle having its sides ss 
A, B, and C, each to each. 




cr 



Construction. — 1. Take a straight line DE, terminated 
at D, but unlimited towards E. 

2. In this line make DF = A, make FG = B, and GH 
= C (I. 3). 

3. From centre F with radius FD describe the circle DKL. 

4. From centre G with radius GH describe the circle 
HKL. 

5. Join KF and KG. 
Then it is to be proved that 

The triangle KFG is the triangle required. 

Proof. — Because F is the centre of the circle DKL, 
therefore FK = FD (def. 15), amd FD = A (cons.), therefwe 
FK = A (ax. 1). 

Again, "because G is the centre of the circle HKL, there- 
fore GK = GH (def. 15), and GH = C (cons.), therefwe 
GK = C (ax. 1) ; also FG = B (cons.), therefore, the tri- 
angle KFG has its three sides KF, FG, and GK = the three 
given lines A, B, and C, each to each. 

'llieiefore, it is proved, as requii*ed, that 

The triansjle KFG is the triangle required. 

Q. E, F. 
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Prop. XXIII. Problem. 

At a given point in a given straight line, to make a 
rectilineal angle equal to a given rectilineal angle. 

Let AB be the given straight line, A the given poinu 
in it, and DOE the given rectilineal angle. 

It is required to make at A a rectilineal aui^le = the itc 
tilineal angle DCE. 





Construction. — 1. In CD and CE take any points 1) and 
E and join DE. 

2. Make the triangle FAG = the triangle DCE, so that 
the three sides FA, AG, and GF = the sides DC, CE, and 
ED, each to each (I. 22). 

Then it is to be proved that 

The angle FAG is the angle required. 

Proof. — Because in the tiiangles FAG and DCE we 
have the three sides FA, AG, and GF in the one = the 
three sides DC, CE, and ED in tibe other, each to each (cons.), 
therefore the angle FAG = the angle DCE (I. 8). 



Therefore, it is proved that 

The angle FAG is the angle required. 

Exercise* 



Q. E. R 



If ABC be a triangle with the side AB greater than AC ; 
prove that the difference between AB and AC is less than 

the side BC. 

c3 
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Pbop. XXIV. Theorem. 



If ttoo triangles have two sides of the one equal to two sides 
of the other^ each to each, lut the angles contained by these 
sides unequal, then their bases or third sides shall be 
unequal, and the base of that triangle which lias the greater 
angle shall be greater than the hose of the other. 

Let ABC and DEF be two triangles, with the sides AB 
and AC in the former = the sides DE and DF, in the latter, 
each to each, but with the angle BAC greater than the 
angle EDF. 

Then it is to be pioved that 

The base BG is greater than the base EF. 

• D 

A 





Construction. — Of the two sides DE and DP, let DE 
be not greater than DF. 

1. At the point D in the straight line ED make the 
angle EDO = the angle BAC (I. 23). 

2. Make DG== AC or DF, and join EG and GF. 

Proof. — Because in the triangles BAC and EDG we 
have the sides BA and AC and their angle BAC, in the 
former = the sides ED and DG and their angle EDG in 
the latter, each to each (hyp. and cons.), therefore the base 
BC = the base EG (I. 4). 

Again, beca/use DG = DF (cons.), therefore the ansle 
DGF = the angle DFG (I. 5). ^ 

But the angle DGF is greater than the angle EGF (ax. 
9) ; therefore the angle DFG is also greater than the anele 
EGF. ^ 
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Again, hecatue the angle EFG is greater than the angle 
DFG (ax. 9), therefore the angle EFG is much greater than 
the angle EGF, amd therefore the side EG is greater than the 
side EF (L 19). 

But it has been shown that EG = BC. 
Therefore, it is proved, as lequirtid, that 
The base BC is gi'eater tlian the base EF. 

Wherefore^ 
If two trianglesy dec, 

Q. E. D, 

N.B. — Compare this Proposition with Prop. IV. 



Exerdaea. 

1. Prove that from the same point A ahove a given 
straight line CD, only one perpendicular AB can be drawn 
to CD. 

2. Prove that from the same point A in a given straight 
line CD, only one perpendicular AB can be drawn to CD. 

3. K ABC be a triangle with CD drawn fit)m the vertical 
angle C, bisecting AB in D; prove that AC and CB are 
together greater than twice CD. 
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Prop. XXV. Theorem. 

If two triangles have two sides of the (yne equal to tivo sides 
of the other, ea>ch to ea>ch, but their bases or third sides 
unequal to ea>ch other, then the cmgles contained by the 
equal sides in each tria/ngle shall be tmequcU, ankd the 
angle contained by the two sides of th(U triangle which 
has the greater base shall be greater them the angle con- 
tained by the two sides equal to them of the other. 

Let ABC and DEF be two triangles with the sides AB 
and AC in the former = the sides DE and DF in the 
latter, each to each, but with the base BC greater than the 
base EF. 

Tlu'ii it is to be provod that 

The uiiglo "BAG is greater than the angle EDF. 




Proof. — If the angle BAG be not greater than the angle 
EDF, then it is plain that the angle BAG must be either 
=:, or less than, the angle EDF. 

Now, if the angle BAG = the angle EDF, then the base 
BG = the base EF (I. 4) ; but the base BG is greater than 
the base EF (hyp.) ; therefore the angle BAG ia not equal to 
the angle EDF. 

Next, if the angle BAG is less than the angle EDF, then 
the base BG would be less than the base EF (I. 24) ; but the 
base BG is greater than the base EF (hyp.) ; therefore the 
angle BAG is not less than the angle EDF. 



PROP. XXV. THEOREM. 37 

Since, then, the angle BAG is neither equal to, nor leas 
than, the angle EDF, 

Therefore, it is proved, as i-equired, that 

The augle BAG is ^T^^ater than the an^le EDF. 



K 



Wherefore^ 
If two triangles f tlcc, 

Q. E. D. 

N.B. — Gompare this Proposition with Prop. VIII. 

Exercises. 

1. If ABG he a triangle, and D a point within it, with 
straight lines joining DA, DB, and DG ; prove that the lines 
DA, DB, and DG are together less than the sides of the 
triangle AB, BG, and GA. 

2. If ABGD he any quadi'ilateral, with AG and BD its 
diagonals ; prove that the four sides AB, BG, GD, and DA are 
together greater than the diagonals AG and BD together. 
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Peop. XXVI. Theorem. 

If two tricmgles have two angles of the one eqtial to two 
angles of the other^ each to each^ and one side equal to ons 
side, nmndy, either the sides adjacent to the equal angles, 
in each^ or the sides opposite to equal angles in each, then 
the other ttoo sides shall be equal, each to each, amd also 
the third amgle of the one tria/ngle shall he equal to the 
third angle of the other. 

Let ABC, DEF be two triangles which have the angles 
ABC and ACB in the former = the angles DEF and DFE 
in the latter, each to each ; amd let the side adjacent to the 
equal angles in the former triangle ^ the side adjacent to 
the equal angles in the latter; or let the equal sides be those 
opposite to equal angles in each triangle. 

Then 

1. The other two sides in the former triangle = the 
other two sides in the latter ; and 

2. The third angle in the former triangle = the third 
angle in the latter. 

Case I. 

First, let the given equal sides be those adjacent to the 
equal angles in each triangle, viz. BC and EF. 
Then it is to be proved that 

1. The other two sides AB and AC in the former 
triangle = the other two sides DE and DF in the 
latter ; and 

2. The third angle BAC in the former triangle = the 
third angle EDF in the latter. 





C E F 

Jff' AB be not equal to DE, then it is 
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plain that one of them must be greater than the other. Let 
AB be the greater; fix)m it cut off BG = DE (I. 3), and 
join GC. 

Proof. — Beea/use in the triangles GBC and DEF we have 
the sides GB and BC, and their angle GBC, in the former 
= the sides DE and EF, and their angle DEF, in the latter, 
each to each (cons, and hyp.), there/ore the angle GOB 
= the angle DFE (I. 4) ; but the angle DFE = the angle 
ACB (hyp.); therefore tiie angle GrCB = the angle ACB 
(ax. 1), i.e. a part equals the whole, which is absurd (ax. 
9). Therefore the supposition that AB is not equal to DE 
is erroneous ; consequently AB = DE. 

Again: hecomae in the triangles ABC and DEF we 
now haye the sides AB and BC, and their angle ABC, 
in the former = the sides DE and EF, and their angle 
DEF, in the latter, each to each (hyp.), therefore the base AC 
== the base DF, and the angle BAC = the angle EDF (I. 4). 

Therefore, when the equal sides arc adjacent to the equal 
angles in each triangle, it is proved, as required, that 

1. The other two sides BA and AC in the former 
triangle = the other two sides DE and EF in the 
latter ; and that 

2. The third angle BAC in the former triangle = the 
third angle EDF in the latter. 



Q. E. D. 



Exerdaes. 

Prove the above Case — 

1. By supposing DE to be greater than AB. 

2. By supposing AC to be greater than DF. 

3. By supposing DF to be greater than AC. 




40 EUCLID, BOOK L 

Case II. 

Secondly, let the given equal sides be those opposite to 
equal angles in each triangle, viz., AB equal to DE. 
Then it is to be proved that 

1 . The other two sides BC and CA in the former triangle 
= the other two sides EF and FD in the latter ; and 

2. Tlie third angle BAG of the former triangle = the 
third angle EDF of the latter. 

Construction. — If BC be not equal to EF, then it is plain 
that one of them must be greater than the other. Let BC 
. . jj be the greater ; from it 

cut off BH = EF (I. 
3), and join AH. 

Proof. — Because in 
the triangles ABH and 
DEF we have the sides 
AB and BH, and their 
angle ABH, in the 
former = the sides DE 
and EF, and their angle 
DEF, in the latter, each to each (cons, and hyp.), therefore the 
angle BHAssthe angle EFD (I. 4) ; hut the angle EFD=the 
angle BCA (hyp.) ; dierefore the angle BHA=the angle BCA 
hut the angle BHA is greater than the angle HCA 
the angle BCA (note2 def. 15). HenceikQ angle 
BHA is both =, and greater than, the angle BCA, which is 
absurd. Therefore the supposition that BC is not equal to EF 
is erroneous; consequently BC = EF. 

Again. Becanise in the triangles ABC and DEF we now 
have the sides AB and BC, and their angle ABC, in the 
former == the sides DE and EF, and their angle DEF, in the 
latter, each to each, therefore the base AC = the base DF, 
amd the angle BAC = the angle EDF (I. 4). 

Therefore, when the equal sides are opposite to the equal 
angles in each triangle, it is proved, as required, that 

1. The other two sides BC and CA in the former 
triangle = the other two sides EF and FD in the 
latter; and 

2. The third angle BAC of the former triangle=the 
third angle DEF of the latter. 

Wherefore, 
If two triangles y dc. 

Q. E. ]). 



(ax. 1); hu 
(I. 16), I.e. 



TECHNICAL NAMES OF ANGLES. 
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ANGLES MADE BY INTERSECTING LINES. 



When one straight line falls upon two other straight 
nes, whether these two lines are parallel to each other or 
ot, the angles formed at the several points of intersection 
ave certain technical names; and these angles and their 
ames must be thoroughly understood before proceeding to 
[le next Propositions. 

This is easily done by reference to the accompanying 
gores. 



Fig. 1. 



Fig. 2. 





In fig. 1. Let the straight line AB cut the straight lines 
lID and EF, which are not parallel to each other, in G and H. 

In fig. 2. Let the straight line AB cut the straight lines 
lines CD and EF, which are parallel to each other, in G and H. 

Then, in ea4:h figure, 

1. The angles AGG and AGD ahove CD are exterior, 
or outside, angles. 

Also the angles BHE and BHF below EF are ex- 
terior, or outside, angles. 

2. The angles CGH and DGH hdow CD are interior , 
or inside, angles. 

Also the angles EHG and FHG above EF are 
irUeriory or inside, angles. 

3. The angles CGH and GHF are. one pair of alternate 
angles. 

And the angles DGH and GHE are also a pair 
of alternate angles. 
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Prop. XXVII. Theorem. 

If a straight linefaUmg upon two other straight linea make 
the alternate angles equal to one a/noihery these two straight 
lines are parallel to ea^h other. 

Let the straight line EF &lling upon the two straigiit 
lines AB and CD make the alternate angles AEF and EFD 
= each other. 

Then it is to In? [)r()ved that 

The straight lines AB aud CD are parallel. 




Construction,— 7j^ AB is not parallel to CD, then AB 
and CD heing produced will meet, either towards A and C, 
or towards B and D. 

Let them he produced towards B and D, and meet in G. 

Proof. — Because AB and CD are produced to meet in 
O (hyp.), therefore EGP is a triangle, and the exterior 
angle AEF is greater than the interior opposite angle EFG 
(L 16). 

But also the angle AEF = the angle EFD (hyp.), i.e, 
the angle EFG (note 2 def. 15), which is ahsurd. 

Therefore the supposition that AB and CD meet when 
produced towards B and D is erroneous. 

Similarly f the supposition that AB and CD meet if pro- 
duced towards A and C, is erroneous. 
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Therefore, it is proved, as required, that 

The straight lines AB and CD are parallel (def. 35). 

Wh&reforey 

If a straight line, dtc. 

Q. E. D. 



N.B. — In the above figure the scholar must not be puzzled 

ecause EGF is called a tricmgle. The reason why it is not 

triangle in appearance is because the size of the page does 

ot permit the lines AB and CD to meet to form an actual 

riangle. 



Hxerciaea. 

1. Prove Prop. XXVI. Case ii. by taking AC and DF 
a the pair of equal sides opposite to the equal angles in each 
riangle. 

2. If AD bisecting the vertical angle A of a triangle 
LBC be perpendicular to the base BC; prove that the 
riangle is isosceles. 

3. If A and B are two points, A above and B below a 
traight line CD, and CD bisects AB in E ; prove that if AF 
nd BG be drawn to CD at right angles to it, AF = BG. 
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Prop. XXVULl. Theorem. 

If a straight line /aUing upon tu>o other straight lines make 
the exterior angle equal to the interior and opposite angle 
on the same side of the line ; or make the two interior 
angles on Vie same side together equal to two right angles, 
these two straight lines are parallel to each other. 

Let the straight line EF fJEJling npon the two straight 
lines AB and CD make 

1. Either the exterior angle EGB = the interior and 
opposite angle GHD on the same side of EF, or 

2. The two interior angles BGH and GHD on the 
same side of EF = two right angles. 

Hben, in either case, it is to be proved that 
The straight lines AB and CD are parallel. 

E 




Proof. — 1. Because the angle EGB = the angle GHD 
(hyp.), and because the angle EGB = the angle AGH (I. 15), 
therefore the angle AGH = the angle GHD (ax. l) ; and 
these are alternate angles. 

Therefore, it is proved, as fii^t requii*ed, that 
The straight lines AB and CD are parallel. 

2. Because the angles BGH and GHD = two right 
angles (hyp.), a/nd because the angles AGH and BGH 
= two right angles (I. 13), therefore the angles AGH and 
BGH = the angles BGH and GHD (ax. 1); remove the 
common angle BGH, and then the remaining angle AGH =: 
the remaining angle GHD (ax. 3) ; and these are alternate 
angles. 
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Therefore, it is proved, as required in the second place, 
fliat 

The straight lines AB and CD are parallel. 
^ Wherefore, 

If a straight line, d:c. 

Q. U. D. 



Exercises, 

1. Prove the above Prop>osition by taking the angles on 
left of the cutting line EF, viz. the exterior angle EGA 

: the interior and opposite angle GHC, cmd the two interior 
AGH and GHC. 

2. K any angle BA€ be bisected by a straight line AD, 
^ cmy point E be taken in AD ; prove that if straight lines 

and EG be drawn to AB and AC respectively, perpen- 

to AD, then Er= EG. 

^y 3. If in a triangle ABC, with vertex C, the sides AC and 
•jBO be bisected at right angles by DF and EF respectively 
! SMeting in F ; prove that FG drawn at right angles to the 
jtliird side AB will bisect it in G. 



3 



I 
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Prop. XXIX. Theorem. 

If a atraigM Ime faU on two parallel straight lines it maket 
the alternate amglea eqtud to one another ; the exterior 
a/ngle equal to tJie interior and opposite angle on the same 
side ; and also the two vnterior angles on the same side 
taken together eqtial to two right a/ngles. 

Let the straight line EF fall on the two parallel lines AB 
and CD. 

Then it is to be proved that 

1 . Th(? alternate angle AGH = the alternate angle 
GHD. 

2. The exterior angle EGB = the interior and opposite 
angle GHD. 

3. The two interior angles BGH and GHD = two 
right angles. 

E 




Proof. — 1. If the angle AGH is not equal to the angle 
GHD, then one of them must be greater than the other. 

Suppose that the angle AGH is greater than the angle 
GHD, amd to each of them add the angle BGH ; then the 
angles AGH and BGH are greater than the angles GHD 
and BGH (ax. 4). 

But the angles AGH and BGH = two right angles (I. 
13) ; therefore the angles BGH and GHD must be less than 
two right angles ; amd therefore the straight lines ATI and 
CD wul meet if produced (ax. 12). But they never can 
meet when produced^ beca/use by hypothesis they are parallel 
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def. 35). Therefore the supposition that the angle AGH is 
frecUer than the angle GHD is erroneous. Si/rmlarly, the 
supposition that the angle AGH is less than the angle GHD 
night he shewn to he erroneous. Consequently ^ the angle 
\.GH = the angle GHD. 

Therefore, it if? proves], as required, that 

1 . The alternate angle AGH = the alternate ungU" 
GHD. 

2. Next : Because the angle EGB = the angle AGH 
I. 15), and heccnise, as it has just heen proved, the angle 
LGH = the angle GHD, there/ore the angle EGB = the 
ngle GHD (ax. 1). 

Thei-efore, it ia provei, as re(|uii-ed, that 

2. The exterior fingle EGB = tho interior and o\)])(> 
site angle GHD. 

3. Further : Because, as we have just proved, the angle 
SGB = the angle GHD, add to each of them the angle 
3GH, then the angles EGB and BGH = the angles BGH 
md GHD (ax. 2). But the angles EGB and BGH = two 
ight angles (I. 13), there/ore the angles BGH and GHD 
= two right angles (ax. 1). 

Tiierofore, it is proved, as re^jiiirod, that 

.3. The two interim- angles BGH and OlID = two 
light angles. 

Where/ore^ 
If a straight line, d:c. 

Q. E. D. 



Exercise. 

1. Prove the above Proposition by taking 

1. The alternate angles BGH and GHC ; 

2. The angles on the left of EF, viz. the exterior 
angle EGA, with its interior and opposite on the 
same side, GHC ; and 

3. The two interior angles AGH and GHC. 
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Prop. XXX. Theorem. 

Straight lines which are paraUd to the same straight 
line are parallel to each other. 

Let AB and CD be straight lines, parallel to the sf 
straight line EF. 

Then it is to be provo'l that 

The straight lines AB and CD ar^ parallel. 




E J -P 

C ^ D 



Construction. — Let the straight line GHK cut the 
straight lines AB, EF, and CD, in the points G, H, and K, 
respectively. 

Proof. — Because the straight lines AB and EF are 
parallel (hyp.), there/ore the alternate angle AGH = the 
alternate angle GHF (L 29). 

Next, because the straight lines EF and CD are parallel 
(hyp.), therefore the exterior angle GHF =: the interior and 
opposite angle HKD (I. 29). 

But it has been just proved that the angle AGH = the 
angle GHF ; therefore the angle AGH = the angle HKD, 
i.e. the angle AGK = the angle GKD (note 2 def. 15) ; and 
these are cUtemate angles. 

Therefore, it is proved, as required, that 

The straight lines AB and CD are parallel (I. 27). 

Wherefore, 

Straight lines, dc 

Q. E. D. 
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X Prop. XXXI. Problem. 

To draw a straight Ime through a given point, parallel 

to a given straight line. 

Let A be the given point, and £C the given straight 
line. 

It is required to draw a straight line through A, which 
shall be parallel to BC. 

E A P 



B D ^ 

Construction. — l.'In the straight line BC, take any 
point, D, and join AD. 

2. At the point A in the straight line AD make the 
angle EAD = the angle ADC (I. 23), and produce the 
straight line E A to F. 

Then it is to be proved that 

The straight line EF drawn through the point A , is 
parallel to the straight line BC. 

Proof. — Because the straight line AD faUing upon the 
two straight lines EF and BC makes the alternate angle 
EAD = the alternate angle ADC (cons.), there/ore EF is 
parallel to BC (I. 27). 

Therefore, it is proved, as required, that 

The straight line EF drawn through the point A 
is parallel to the straight line BC. 

Q. E, F. 

Exercise, 

If from the extremities of two equal and parallel straight 
lines AB and CD, straight lines AD and BC are drawn, 
joining their extremities and intersecting in E ; prove that 
AE = ED and that BE = EC. 
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Prop. XXXTT. Theorem. 

If a mde of any triangle he prodtuxd, the exterior angle u 
equal to the two interior and opposite angles ; and the 
three interior angles of every triangle are together equal 
to two right angles. 

Let ABC be a triangle^ and let one of its sides, BC, be 
produced to D. 

Then it Ls to be proved that 

1 . The exterior angle ACD = the two interior and 
opposite angles CAB and ABC ; and 

2. The three interior angles of the triangle, ABC, 
BCA, and CAB = two right angles. 

A 




CoNSTBUcnoN. — ^Through the point C draw CE parallel 
to BA (I. 31.) 

Proof. — 1. Beca/use AB is parallel to CE (cons.), and 
AC fiftlls upon them, therefore the alternate angle ACE = 
the alternate angle BAC (I. 29). 

Also because AB is parallel to CE (cons.), and BD feills 
upon them, therefore the exterior angle ECD = the interior 
and opposite angle ABC (I. 29). 

We ha>ve therefore the angles ACE and ECD = the 
angles BAC and ABC. But the angles ACE and ECD 
make together the angle ACD, and therefore the angle ACD 
^ the angles BAC and ABC (ax. 2). 

Therefore, it is proved, as required, that 

1. The exterior angle ACD =the two interior and 
opposite angles, CAB and ABC. 

2. Next. Becattsej as we have just proved, the angle ACD 
ssthe angles BAC and ABC, add to each of these equals the 



PROP. XXXn. THEOREM. 51 

ngle ACB, and then the angles ACD and ACB = the 
ngles CAB, ABC, and ACB (ax. 2). 

But the angles ACD and ACB = two right angles 
I. 13), amd therefore also the angles CAB, ABC, and BCA 
s two right angles (ax. 1). 

Therefore, it is proved, as required, that 

2. The three interior angles of the triangle, ABC, 
BCA, and CAB = two right angles. 

Whereforej 

If a aide of any triangle j dtc. 

Q. E. D. 

Exerciaea, 

1. If AD bisecting the vertical angle A of a triangle 
LBCy bisects also the base BC in D ; prove that ABC is an 
sosceles triangle. 

2. If ABC be a triangle right-angled at A, and AD be 
Irawn to bisect the base BC in D ; prove that AD = BD 
rDC. 

3. If ABC be an isosceles triangle with vertex A, and 
he side B A be produced beyond A to D ; prove that the 
xterior angle CAD = twice the angle ABC or the angle 
LCB, the angles at the base. 



D 2 
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Corollaries. 

Corollary I 

many right 

the figure 

ight 



uoroivary i 

All the interior angles of any\ /Twice as m 

rectilineal figuie, together with r = ] angles as 

four riffht angles i I has sides. 




Because any rectilineal figure, as ABODE, can, by 
drawing straight lines from a point F, within the figtQ-e, to 
each angle, be divided into as many tria^les as the Jlgure 
lias sides, as is shewn in the above figure, and hecavse the 
three intierior angles of every triangle equal two right 
angles (I. 32), 

Therefore 

All the interior angles) (Twice as many right angles 

of the triangles ) 1 as there are triangles. 

(Twice as many right angles 

1 as the figure has sides. 
But because 
All the interior angles) __ (The interior angles of the figure 
of the triangles J *" 1 with the angles at F; 

And because 

The angles at F = four right angles (I. 15, Cor. 2) ; 

Therefore 
All the interior anglas of the) __ (All the interior angles 
figure with four right angles J 1 of the triangles ; 

^ Twice as many right 
= \ angles as the figure 
i has sides. 
Similarly it may be demonstrated for any other rectilineal 
figure. 

Therefore, it is proved, as required, that 
Al] the interior, &c. 

Q. E, D, 
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Corollary II, 



All the exterior angles of any) _ I ^^^^^ .^^ ^^,„,^^ 
rectilineal figure togethei- ) ( n <. 




Because the interior angle ABC ixM, its adjacent exteiior 
angle ABD = two right angles (I. 13), 

7}h&refore 

All the interior with all the ex- 
terior angles of the figure 



( Twice as many right 
angles as t~ 
has sides. 



= \ angles as the figure 



But because 



All XI. • X • 1 r 11. ^ rTwice as many right 

AU the rnteior angles of the . ^ 1^ ^ ^^^ fi^ has 

figare«««A four right angles} \ ^es (I. 32, Cor. 1), 

Th&refore 

All the interior vMh all^ ^All the interior angles of 
the exterior angles of ■ = • the figure wiih four right 
the figure ) \ angles (ax. 1). 

And taking away from each the ivierior angles common 
to both, 

Then 

All the exterior angles of the figure = four right angles 
(ax. 3). 

Simila/rly it may be demonstrated for any other recti- 
lineal figure. 

Therefore, it is proved, as required, that 
All the exterior angles of anyj ^ j.^^^ ^^^^ j^^ 
rectinneal figure ) 
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Ppop. XXXIII. Theobem. 

7^ straight lines which join the extremities of two equal and 
parallel straight lines, towards the same parts^ are also 
themselves eqtuxl amd pwralld. 

Let AB and CD be two equal and parallel straight lines, 
joined towards the same parts by the straight lines AC and 
BD. 

Then it is to be proved that 

1. The straight lines AC and BD = each other. 

2. The straight lines AC and BD are parallel to each 
other. 




Construction. — Join AD (post. 1). 

Proof. — 1. J?ec(M«eAB is parallel to CD, and AD meets 
them (hyp.), therefore the alternate angle BAD = the alter- 
nate angle ADC (I. 29). 

Nexty hecause in the triangles BAD and ADC, we have 
the sides BA and AD, and their angle BAD, in the former 
= the sides CD and DA, and their angle CD A, in the 
latter, each to each (hyp. cons, and proof above), therefore 
the angle ADB =: the angle DAC, mvd the base AC = the 
base BD (I. 4). 

Therefore, it is proved, as required, that 
1. The straight lines AC and BD = each other. 
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2. Further, because the straight line AD meets the two 
straight lines AC and BD, and makes the alt. angle ADB 
=the alt. angle DAC, as above demonstrated, 

Therefore, it is proved, as required, that 

2. The straight lines AC and BD are parallel to each 
other. 

Wh&refore^ 

The straight Unea, d;c, 

Q. E. D, 

Exercises. 

1. Prove the above Proposition by joining BC. 

2. Prove Prop. XXXIT. by producing the side CB 
beyond B to D. 

3. If ABC be a triangle with vertex A and base BC ; 
prove that the line DF bisecting AB and AC in D and F 
respectively is parallel to the base BC. 
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Prop. XXXIV. Theorem. 

Ths opposite sides amd angles of a paraUdogrwm are eqtud 
to one cmother, and the diameter bisects the parallelogram^ 
that is^ divides it irUo two eqtud parts. 

Let ABDC be a parallelogram, of which BC is a diameter. 

Then it in to be proved that 

J . The opposite sidee and angles of the parallelogram 
arc equal to one another, viz., AB =■ CD, and AC 
= BD,^ the angle CAB = the angle CDB, and the 
angle ABD = the angle ACD ; and 

2. The diameter BC divides the parallelogram into two 
pqnal parts. 




Proof. — 1. Because AB is parallel to CD (def. 34) and 
BC meets them, therefore the alternate angle ABC = the 
alternate angle BCD (I. 29). 

A^id because AC is parallel to BD (hyp.) and BC meets 
them, therefore the alternate angle ACB = the alternate angle 
CBD (I. 29). 

Next, because in the triangles ABC and BCD we have 
the angles ABC and BCA, and the adjacent side BC in the 
former = the angles BCD and CBD and the adjacent 
side BC in the latter, each to each (cons, and I. 29), there- 
fore the side AB = the side CD, amd the side AC = the side 
BD, a/nd the angle CAB = the angle CDB (I. 26). 

Also, because the angles ABC and ACB = the angles 
BCD and CBD, each to each, as here proved, i,e» the whole 
angle ABD =the whole angle ACD, 
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Therefore, it is proved, as required, that 

1. The opposite sides and angles of a parallelogram art- 

equal to one anothei-. 

2. Next, beccmae in the triangles ABC and BCD we 
have the sides AB and BC, and their angle ABC, in the 
formers the sides DC and CB, and their angle DCB, in 
the latter, each to each, as here proved ; therefore the triangle 
ABC = the triaogle BCD (I. 4). 

Therefore, it is pi-oved, as required, that 

2. The diameter divides the parallelogram into twc 

equal parts. 

Where/ore, 

The opposite eides, tkc. 

Q. E. D. 

Exerdaes, 

1. Prove Pi-op. XXXIV. by joining AD. 

2. If ABC be an isosceles triangle with the vertical angle 
A a right angle ; prove that each of the angles at the base, 
ABC and ACB = half a right angle. 

3. If ABCD be a parallelogram on base AB, and AC 
and BD its diagonals, intersecting in E ; prom that AE and 
BE = CE and DE, each to each. 



D Z 
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Peop. XXXV. Theobem. 

FaraUdograans on the same hcue^ and between the 
scrnie parallels^ are equal to each other. 

Let ABCD and EBCF be parallelograms on the same 
base BO, and between the same parallels AF and BC. 

Then it is tx) be proved that 

The parallelogi-am ABCD = the parallelogram EBCF. 

This Proposition is considered under three Cases. 

Case I. — In this Case the sides AD and EF opposite to 
the base BC are both terminated in point D» 

£ 




Pboof. — Because the triangle BDC is half the parallelo- 
gram ABCD (I. 34), and beccmse the triangle BDC is also 
half the parallelogram EBCF (I. 34), 

Tlierefore, it is proved in this Case, as required, that 
(ax. 6) 

The parallelogram ABCD = the parallelogram EBCF. 

Case 2. — ^In this Case let there be a space betvoeen the 
sides AD and EF opposite to the base BC. 




Proof, — Became ABCD is a parallelogram (hyp.), there- 
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yore AD = BC (I. 34), cmd far the same reason EF = BC, 
there/are AD = EF (ax. 1) \ then add DE to each, and the 
whole EA = the whole ED (ax. 2) ; also, AB = DC (I. 34), 
and the exterior angle EDO = the interior and opposite 
angle EAB (I. 29). 

Now, hecavse in the triangles EAB and EDO we have 
the sides EA and AB and their angle EAB, in the former = 
the sides ED and DC and their angle EDC, in the latter, 
each to each (as just proved), therefore the triangle EAB = 
the triangle EDC (I. 4). 

Next, if we take the triangle EAB from the trapezium 
FABC, we have left the parallelogram EBCF ; amd if we 
take the triangle EDC from the same trapezium FABC, we 
have left the parallelogram DABC ; and these remainders ai-e 
equal (ax. 3). 

Therefore, it is proved in this Case, as required, that 

The parallelogram ABCD = the parallelogram EBCF. 

Case 3. — In this case the sides AD and EF opposite the 
base BC overlap each other as in the following figure. 

A F D F 





B 



Proof. — The same method of proof applies in this Case 
as in Case 2, the only difference being that in Case 2 we 
added ED to AD and EF, and here we have to take ED 
away from each. 

Wherefore, 
Parallelogra/ma on the same base, o&c. 

Q. E. D, 
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Prop. XXXVI. Theorem. 

ParaUelograms on equal bases a/nd between the same 
parallels are equal to one am^ther. 



Let ABCD and EFGH be parallelograins on equal 
BC and FG, and between the same parallels AH and EG. 

Then it is to be proved that 

The parallelogram ABCD = the parallelogi am EFGH 

A D E H 




Construction. — Join BE and CH. 

Proof. — Because BC = FG (hyp.), amd because FG = 
EH (I. 34), th&refore BC = EH (ax. 1) ; also, because BC and 
EH are parallels and joined towards the same parts by BE 
and CH (hyp.), therefore BE and CH are both eqnal and 
parallel (I. 33) ; anA therefore the %ure EBCH is a parallelo- 
gram (def. 34). 

Next, because the parallelograms ABCD and EBCH are 
upon the same base BC and between the same parallels AH 
and BC, therefore the parallelogram ABCD = the parallelo- 
gram EBCH (I. 35). 

Similarly, the parallelc^ram EFGH s= the parallelogram 
EBCH, being upon the same base EH, and between the same 
parallels EH and BG. 

Theiefore, it is proved, as required, that (ax. 1) 

The parallelogram ABCD = the parallelogi-am EFGH. 

Wherefore, 
FaroMelograms on equal bases, dtc, 

Q. E. D. 
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Prop. XXXVII. Theorem. 

Tria/nglea on the sa/me base cmd between the same 
pa/raUela are equal to one a>nother. 

Xet ABO and DBO be triangles on the same base BO, 
^d between the same parallels AD and BC. 

Then it is to be proved that 

The triangle ABC = the triangle DHC. 

F 




Construction. — 1. Produce AD both ways to points 
EandF. 

2. Through B draw BE parallel to CA, and through 
3 draw CF parallel to BD (I. 31). 

Proof. — Because each of the figures EBCA and DBCF 
s a parallelograni (def. 34), amd beca/uae they are on the 
ame base BC, and between t^e same parallels BC and £F, 
here/ore the parallelogi*am EBCA = the parallelogram 
)BOF (I. 35). 

Next, because the triangle ABC is half the paraUelogram 
l!BOA, and the triangle DBC is half the parallelogram 
)BCF (I. 34), 

Therefore, it is proved, as required, that 

The triangle ABC = the triangle DBC (ax. 7). 

Wherefore, 

Triangles on the same base, d^c, 

Q. E. D. 
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Prop. XXXYIII. Thborem. 

Triamgles an equal bases and between the acmie paraUeU 

a/re eqtud to one another. 

Let ABO and DEF be triangles on equal bases £0 and 
EFy and between the same parallels AD and BF. 

Then it is to be proved that 

The triangle ABC = the triangle DEF. 




G E 

Construction. — 1. Produce AD both ways to G and H. 

2. Through B draw BG parallel to CA, and through F 
draw FH parallel to ED (I. 31). , .. 

Proof. — Because each of the figures GBCA and DEFH is 
a parallelogram (def. 34), and because they are on equal bases 
BC and EF, amd between the same parallels GH and BF, 
therefore the parallelogram GBCA = the parallelogram 
DEFH (I. 36). 

Next, because the triangle ABC is half the parallelogram 
GBCA, amd beca/use the triangle DEF is half the parallelo- 
gram DEFH (I. 34), 

Therefore, it is proved, as required, that (ax. 7) 
The triangle ABC = the triangle DEF. 

Wherefore^ 
Triangles on eqtuU bases, d:c, 

Q. E. D. 
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Prop. XXXIX. Theobeh. 

Eqwd triangles on the same base^ cmd on the $ame aide 
of it a/re between the same parcUlels. 

JjGt ABC and DBC be equal triangles, on the same base 
(O and on the same (viz. the upper) side of it. 

Then it is to l^e j)roved that 

The triangles ABC and DBC aie between the Siime 
parallels. 




OoNSTBUonoN. — 1. Draw AD joining the vertices of the 
liangleB (post. 1) ; then, if AD is not parallel to their base BC, 

2. Through A cbaw AE parallel to this base BC, 
neeting BD in E (I. 31), and join EC. 

Pboof. — Because the triangles ABC and EBC are on the 
ame base BC (hyp.), and between the same supposed 
larallels AE and BC, there/ore the triangle ABC = the tri- 
uQgle EBC (I. 37). 

But the triangle ABC = the triangle DBC (hyp.), there- 
hre^ also, the triangle DBC = the triangle EBC (ax. 1), 
i.e. the whole = its part, which is impossible (ax. 9). 

Therefore the supposition that AE is parallel to BC is 
erroneous ; amd similarly it can be proved that only AD, 
joining the vertices of the triangles, is parallel to their base 
BC. 

I'herefore, it is proved, as requiied, thai 

The trianglas ABC and DBC are between the same 
parallels. 

Wherefore, 

Equal triangles on the same base, tkc. 

Q. E. D. 



64 EUCLID, BOOK I. 

Prop. XL. Theorem. 

Bqiud triangleSf on equal baseg, in the same straight line, 
and on the sa/me side of iiy are bettoeen the same 
parallels. 

Let ABC and DEF be eqnal triangles, on equal bases 
BC and EF, in the same straight line BF, and on the same 
(viz. the upper) side of it. 

Then it is to bo proved that 

The triangles ABC and DEF are between the samn 
parallels. 

A P 




Construction. — 1. Draw AD, joining the vertices of the 
triangles (post. 1) ; then, if AD is not psuullel to the line of 
their bases BF, 

2. Through A draw AG parallel to this line BF, meeffc- 
ing ED in G (L 31), and join GF. 

Proof. — Because the triangles ABC and GEF are upon 
equal bases BC and EF (hyp.), and between the same sap- 
posed parallels AG and BF, therefore the triangle ABC = 
the triangle GEF (I. 38). 

But the triangle ABC = the triangle DEF (hyp,), then- 
fore, also, the triangle DEF = the triangle GEF (ax. 1), t.«. 
the whole = its part, which is impossible (ax. 9). 

Therefore the supposition that AG is parallel to BF is 
erroneous ; amd similarly it can be proved that only AD, 
joining the vertices of the triangles, is parallel to the line of 
their bases, BF. 

Therefore, it is pioved, as requiied, that 

The triangles ABC and DEF are between the same 
parallels. 

Wherefore, 
Equal tria/ngleSy on equal hoses, dhc, 

Q. E. D. 
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Prop. XU. Theobem. 

If a paraMelogra/m cmd a tricmgle he on the same base, and 
between the sa/me parallels, the pa/raUdogra/nt shaXL be 
double of the tria/ngle. 

Let ABCD be a parallelogram, and EBC a triangle, on 
!ihe same base BC, and between the same parallels BC and 

Then it is to be proved that 

The parallelogi'am ABCD is double the triangle EB('. 




Construction. — Join AC. 

Proof. — Because the triangles ABC and EBC are upon 
he same base BC, and between the same parallels BC and 
LB, therefore the triangle ABC = the triangle EBC (I. 37). 

BtU the parallelogram ABCD is double the triangle ABC 
1,34). 

Therefore, it is proved, as required, that 

The parallelogram ABCD is double the triangle EBC. 

WTterefore, 
If a parallelogram and a tria/ngle, <Ssc, 

Q. E. B. 

Exercise, 

If ABCD be a quadrilateral with base AB and diagonals 
AC and BD, bisecting each other in E ; prove that ABCD is 
\ parallelogram. 
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Pbop. XLII. Problem. 

* 

To describe a pa/raUelogram that shaM he equal to a given 
tria/ngle, amd have one of its cmgles equal to a given red^i- 
lineal a/ngle. 

Let ABC be the given tiiaDgle, and D the given recti- 
lineal angle. 

It is required to describe a parallelogram = the triangle 
ABC, and having one of its angles=the angle D. 

A F G 




Construction. — 1. Bisect BC in E (1. 10), and join AE. 

2. At the point E in the line EC, make the angle CEF= 
the angle D (I. 23). 

3. Through A draw AG parallel to EC, and through C 
draw CG parallel to EF (1. 31). 

Then it is to be proved that 

FECG is a parallelogram = the triangle ABC, aad 
having the angle CEF = the angle D. 
Proof. — Beca/use the triangles ABE and AEC axe upon 
equal bases BE and EC (cons.), and between the same 
parallels BC and AG (cons.), therefore the triangle ABE ^ 
the triangle AEC (I. 38), amd therefore the triangle ABC is 
douUe the triangle AEC. 

But beca/use the parallelogram FECG (cons, and def. 34) 
and the triangle AEC are upon the same base EC, and be- 
tween the same parallels EC and AG, therefore the parallelo- 
gram FECG is double the triangle AEC (I. 41). 

But we have seen that the tiiangle ABC is dovhU the 
triangle AEC, therefore the parallelogram FECG = the tri- 
angle ABC (ax. 6), amd it has one of its angles CEF s= the 
angle D (cons.). 

Therefore, it is proved, as required, that 

FECG is a parallelogram = the triangle ABC, and 
bavins the angle CEF = the angle D. 

Q. A\ F. 
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Prop. XLIII. Theobem. 

liS complements of the parallelograms which are about 
the dia>meter of amy pa/raUelogra/m are equal to one an- 
other. 

Let ABCD be a parallelogram, of whicli AC is a diameter, 
Kth the parallelograms AEKH and KGCF about the dia- 
leter, i.e. through which the diameter AC passes. 

Then the parallelograms EBGK and HKFD, which make 
ip the whole parallelogram ABCD, are the complements, 
•nd it is to be proved that 

The complement EBGK = the complement HKFD. 




Proof. — Because ABCD is a parallelogram, and AC its 
iameter, therefore the triangle ABC = the triangle ADC 
[. 34). 

Similarly/ the triangle AEK == the triangle AHK, ami 
be triangle KGC = the triangle KFC. 

ffence the triangles AEK and KGC taken together = 
he triangles AHK and KFC taken together (ax. 2). 

But we have seen that the whole triangle ABC = the 
rhole triangle ADC; therefore the remainder, or the 
arallelogram EBGK = the remainder, or the parallelogram 
IKDF (ax. 3) ; and these are the complements in the paral- 
)logram ABCD. 

Therefore, it is proved, as lequired, that 

The complement EBGK = the complement HKFD. 

Wherqfore, 

The complements of the paraUdogra/mSf due, 

Q. E. D. 
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Pbop. XLIY. Problem. 

To a given straight line to apply a pa/raUelogra/m which shall 
be equal to a given tria/ngle, a/nd home one of its angles 
equal to a given rectilineal angle. 

Let AB be the given straight line ; C the given tmngle; 
and D the given rectilineal angle. 

it is requii'ed to apply to the straight line AB a 
parallelogram =: the triangle C, and containing an 
angle = the angle D. 




Construction (1). — 1. Make the parallelogram BEFG = 
the triangle 0, and with an angle EBG = the angle D (I. 42), 
so that BE may be in the same right line with AB. 

2. Produce FG to H. 

3. Through A draw AH parallel to BG or EP (L 31), 
and join HB. 

Proof (1). — Because the straight line HF falls on the 
parallel lines AH and EP, therefore the two interior angles 
AHF and HFE = t wo rig ht angles (I. 29), annd ther^or^ 
the angles BHF and HFE are less than two right angles; 
consequently the straight lines HB and FE will meet, if 
produced far enough (ax. 12). 

Construction (2). — 1. Produce the straight lines HB 
and FE to meet as in K. 
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2. Through K draw KL parallel to EA or FH (T. 31), 
ind produce HA and GB to the points L and M. 

Then it is to be proved that 

ABML ia a parallelogram = the triangle C, applied to 
the straight line AB, and having the angle ABM = 
the angle T>. 

Pboof (2). — Because FL* is a parallelogram (cons, and 
ief. 34) of which HK is a diameter, and PB and BL comple- 
nents of the parallelograms GA and EM, about the diameter, 
before the parallelogram FB = the parallelogram BL (I. 
t3). But the parallelogram FB = the triangle C (cons.), 
Jierefore the parallelogram BL = the triangle C (ax. 1), 
md it is applied to the line AB, for it is one of its sides. 

Again, hecavse the angle GBE = the angle D (cons.), 
ind beccmse the angle ABM = the angle GBE (I. 15), t/iere- 
"ore the angle ABM = the angle D (ax. 1). 

Therefore, it is proved, as required, that 

ABML ia a parallelogram = the triangle C, applied 
to the straight line AB, and having the angle ABM 
= the angle D. 

Q. E, F. 

* N.B. — Pai-allelograms may be referred to by the two 
etters standing at opposite angles, instead of the four, at 
jach angle. Thus the parallelogram FHLK may be referred 
x> as the parallelogram FL, or KH. 



Exercises. 

1. If ABCD be a parallelogram with diagonal AC = 
liagonal BD ; prove that each angle of the parallelogram A, 
B, C, and D is a right angle. 

2. If ABCD be a parallelogram with its diagonals AQ 
md BD intersecting at right angles in E; prove that the 
tides of the parallelogram AB, BC, CD, and DA = each 
►ther. 
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Pbop. XLV. Problem. 

To describe a paraUehgram equal to a given rectUmeal 
figure, and having an a/ngle eqvM to a given rectUimal 
angle. 

Let ABCD be the given rectilineal figure, and E the given 
rectilineal angle. 

It is required to describe a parallelogram = the figure 
ABCD, and having an angle = the angle E. 




11 M 



CoNSTBUCTiON. — 1. Joiii BD and describe the parallelo- 
gram FH = the triangle ABD, and having the angle FKH 
= the angle E (I. 42). 

2. Apply to the straight line GH the parallelogram GM 
equal to the triangle DBC, and having the angle GHM 
= the angle E (I. 44). 

Then it is to be proved that 

FM is a parallelogram = the figure ABCD, and having 
the angle FKM = the angle E. 

Proof. — Because each of the angles FKH and GHM 
= the angle E (cons.), there/ore the angle FKH = the angle 
GHM (ax. 1) ; add to each the angle GHK, then the angles 
FKH and GHK = the angles GHM and GHK (ax. 2). 

But the angles FKH and GHK = two right angles (I. 
29); therefore the angles GHM and GHK = two right 
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DgleSy wnd therefore KH is in the same straight line with 
[M (I. 14). 

2. Kext, hecatise the lines FG and KM are parallel 
Dons.), and GH meets them, tlierefore the alternate angle 
IXJH t= the alternate angle GHM (I. 29) ; add to each the 
ngle LGH, then the angles FGH and LGH = the angles 
IHM and LGH (ax. 2). 

But the angles MHG and LGH = two right angles (I. 
J9) ; therefore the angles HGF and LGH = two right angles, 
wd therefore FG is in the same right line with GL (I. 14). 

3. Next, heca/uae KF is parallel to HG, and HG to ML 
cons.), therefore KF is parallel to ML (L 30), and KM and 
PL are also parallel (cons.) ; therefore the figure FKML is a 
parallelogram (def. 34). 

Again, because the parallelogram FH = the triangle 
IBD (cons.), amd the parallelogram GM = the triangle DBC 
cons.), therefore the p£u:ullelogram FM = the figure ABCD, 
ind it has the angle FKM = the angle E (cons.) 

Therefore, it is proved, as required, that 

FM is a parallelogram = the figure A BCD, and having 
an angle FKM = the angle E. 

Q, E. F. 

Corollary, — ^A parallelogram may be described equal to 
^ given rectilineal figure, of any number of sides, and having 
)Qe of its angles equal to a given angle. 

N.B. — The learning of this Proposition will be simplified 
f it be observed — 

1. That the given figure is divided into triangles. 

2. That a parallelogram is made equal to each triangle, 
the first according to Euclid I. 42, the second, and 
more if there be any, according to I. 44. 

3. That the first part of the proof is to shew that KH^ 
and HM are in one and the same straight line. 

4. That the second part is to shew that FG and GL 
are in one and the same straight line. 
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Prop. XL VI. Problem. 

To describe a square upon a given straight line* 

Let AB be the given straight line. 

It is required to describe a square upon AB. 




Construction. — 1. From A draw AC at right angles to 
and greater than AB (I. 11), cutting off AD = AB (I. 3). 

2. Thi-ough D draw DE parallel to AB : and througb 
B draw BE parallel to AD (I. 31). 

Then it is to be prored that 

The figure ABED is a square upon AB. 

Proof. — 1. The figure ABED is equilateral. 

Because DE is parallel to AB (cons.), amd BE is 
parallel to AD (cons.), therefore the figure ABED is » 
parallelogram (def. 34), and therefore^ also, AB = DE and 
AD = BE (I. 34). 

But also AB = AD (cons.), therefore the four sides AB, 
BE, ED, and DA = each other, and therefore the figure 
ABED is equilateral, which was first to be shewn. 

2. The figure ABED is rectangular. 
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Next, because the lines AB and DE are parallel (cons.), 
%d the line AD falls upon them, therefore the two interior 
i^les BAD and ADE = two right angles (I. 29). 

But because BAD is a right angle (cons.), there/ore ADE 
a right angle (ax. 3) ; and because the opposite angles of 
Birallelograms are equal to each other (I. 34), there/ore the 
ogles BED and ABE are also right angles, a/nd therefore 
etch of the angles of the figures a right angle, and the 
gure ABED is rectangular. Which was next to be shown. 

Hence, the figure ABED, being equilateral and rectan- 
iular is a square (def. 30), and it is described upon AB (cons.). 

Thorefore, it is proved, as roquiiiM^, lliat 
The tisfuio A. BED i» a square upon Al>. 

Q, K F. 

Exercises, 

1. On a given straight line MN construct a square, with 
perp. NP drawn fcom N. 

2. About MO, as a diagonal, constioict a square MNOP. 
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Prop. XLVIL Theorem. 

In any right-amgled triangle^ the sqttare which is described 
upon the side subtending the right angle equals the sum 
of the squares described upon the sides containing the 
right amgle. 

Let ABC be a right-angled triangle having the light 
angle BAG. 

Then it Is to be proved that 

The .square descriVjed upon BC, the side sitbtending — ie. 
opposite t(h—the right angle BAG = the sum of the 
squares described upon BA and AG, the sides con- 
taining that angle. 




Construction. — 1. On BC describe the square BDEC: 
on BA describe the square BAGF : and on AG describe the 
square AHKG (I. 46). 

2. Through A draw AL parallel to BD or GE (I. 31), 
and join AD and FG. 

Proof. — Because the adjacent angles BAG and BAG = 
two right angles (hyp. and cons.), therefore GAG is one and 
the name straight line (I. 14). 
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And, for the same reason, BAH is one and the same 
braight line. 

Next, beccmse the angles DBG and FBA are each a right 
Jigle (cons.), there/ore the angle DBC = the angle FBA ; 
dd to each the angle ABC, and there/ore the angle DBA ^ 
he angle FBC (ax. 2). 

And because in the triangles ABD and FBC we have the 
ides AB and BD and their angle ABD in the former = the 
ides FB and BC and their angle FBC in the latter, each to 
och, there/ore the triangle ABD = the triangle FBC (I. 4). 

Again, because the parallelogram BL and the triangle 
^D are upon the same base BD, and between the same 
Nirallels AL and BD, there/ore the parallelogram BL is 
bable the triangle ABD (1. 41). And, for the sa/me reason, 
be square GB is double the triangle FBC. But, as we have 
roved, the triangle ABD = the triangle FBC ; there/ore the 
arallelogram BL = the square GB (ax. 6). 

In the samie manner, by joining AE and BK, it is proved 
lat the parallelogram CL = the square HC, cmd there/ore 
le whole square BDEC = the sum of the squares GB and 
to (ax. 2). But BDEC is the sqiiare on BC, subtending 
le right angle BAC, and GB and HC are the squares on 
•A and AC, the sides containing the right angle BAC; 

Therefore, it is proved, as required, that 

The square described on the side BC subtending the 
right angle = the sum of the squares described on tho 
sides BA and AC, containing that angle. 

W?iere/ore, 
In any right-a/ngled tria/ngle, dx, 

Q. E. D. 

Exercises. 

1. Prove, as stated in the above proposition, that the 
arallelogram CL = the square HC. 

2. Prove that if in the figure of Prop. 47 the points E and 
C. are joined by the line EK, and the points D and F by the 
•He DF, the triangles KCE and FBD are equal to each 
ther. 



E 2 
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Prop. XLVIII. Theobem. 

If the square described upon one of the sides of a triangle he 
equal to the squares described upon the other two sides of 
it, the cmgle contained by these two sides is a right cmgle. 

Let ABO be a triangle, with the square described upon 
BC = the sum of the squares described upon BA and AC. 

Tlien it is to be proved that 

The an.de BAG is a light angle. 




Construction. — From A draw AD at right angles to AC 
(I. 11), make AD equal to AB (I. 3), and join DC. 

Proof. — Because AD = AB (cons.), therefore the square 
on AD = the square on AB ; cmd if the square on AC be 
added to each of these equals, then the squares on AD and 
AC = the squares on AB and AC (ax. 2). 

And beca/use the angle DAC is a right angle (cons.), 
therefore the square on DC = the squares on AD and AC 
(I. 47). 

A Iso the square on BC=the squares on AB and AC (hyp.) ; 
therefore the square on DC == the square on BC (ax. 1), and 
therefore DC = BC. 

Next, beca/use in the triangles BAC and DAC we have 
the sides BA, AC, and CB in the former = the sides DA, 
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C, and CD in the latter, each to each (cons, and proof 
)ove), therefore ^eaxigle BAC = the angle DAC (I. 8), and 
cattae the angle DAC is a right angle (cons.), 

Therefore, it is proved, as leqiiiied, that, 
The angle BAC is a right angle. 

Wherefore, 
If the Bquare, iScc. 

Q. E. D, 
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ADDENDUM. 

BOOK I. 

CLASSIFICATION OF PROPOSITIONS IN B0( 

I. 

Straight Lines. 
Props. 2, 3, 10, 11, 12, U. 

IL 

Angles in connection with Straight Lines. 
Props. 9, 13, 15, 23. 

in. 

Parallel Lines. 
Props. 27, 28, 30, 31, 33. 

IV. 

Angles in connection with Parallel Lines. 

Prop. 29. 

V. 

Construction of Triangles. 
Props. 1, 7, 22. 

VL 

Angles in connection with Triangles. 
Props. 5, 16, 17, 18, 21, 32, 48. 
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VII. 

Sides in connection with Triangles. 
Props. 6, 19, 20, 47. 

VIII. 

Comparison of Triangles. 
Props. 4 and 24, 8 and 25, 26. 

IX. 

Triangles and Parallel Lines. 
Props. 37, 38, 39, 40. 

X. 

Triangles and Parallelograms. 
Prop. 41 

XI. 

Properties and Comparison of Parallelograms. 
Props. 34, 35, 36, 42, 43, 44, 45. 

XII. 

Construction of the Sqnare. 
Prop. 46. 
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BOOK II. 



DEFINITIONS. 

I. 

A Eectangle, or right-angled parallelogram, is said to be 
contained by any two of the straight lines which contain one 
of the right angles. 




1. The rectangle ABCD is said to be contained by AB and 
BC, or by BO and OD, or by OD and DA, or by DA and AB. 

2. The expiesdon ' the rectangle AB, BO,' is allowed to be used 
instead of the larger one ' the rectangle contained by AB and BG. 

3. The rectangle is often referred to by the two letters standing 
at its opposite angles, as, in the above, rect. AO, or rect. DB, or by 
A.C or BD only. 



DEFINITIONS. 



81 



II. 



very parallelogram the figure composed of either of 
illelograms about the diameter, together with the two 
cients, is called a gnomon. 



B 



D 



H 



B 



■^ ■ 1 ^ 

-J . — 



K 



G 



the parallelogram ABGD, the parallelogram £K about 
eter, together with the complements AF and FG, forms the 

milarly the parallelogram HG, about the diameter, to- 
ith the complements AF and Ft), fonns the gnomon EHO. 

le gnomon is briefly expressed by the letters at the oppo- 
les of the parallelograms composing it. Thus the nrst 
AKG, composed of EK, AF, and FC, may be termed the 
\KG or HEO. Also the second gnomon EHO, composed 
i.F, and FO, may be termed the gnomon EHO or A6K. 



*^ 
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Prop. I. Theorem. 

If iliere he two straight lines, one of which is divided vnC<:M 
any number of parts, the rectangle contcbi/ned by the tt^4^ 
straight Unes is eqiud to the rectangles contained by th.^ 
undivided line amd the several parts of the divided line. 

Let A and BC be two straight lines, one of which, BO , 
is divided into parts in D and E. 

Then it is to })e proved that 

The i-ectangle contained by \ / The rectangles contained by 
the two straight lines A = j A and BD, by A and DEJ, 



and BC 



and by A and EC.. 



E 




Construction. — 1. From B draw BF at right angles to 
BC (I. 11), and cut off BG = A (I. 3). 

2. Through G draw GH parallel to BC, meeting CH 
drawn parallel to BG (I. 31). 

3. Through D and E draw DK and EL parallel to BG 
or CH (L 31). 

Proof. — 1. It is evident that the figure BH = the sum 
of the figures BK, DL, and EH. 

2. But because BH is contained by BG and BC, of 
which BG = A (cons.), therefore BH is the rectangle con- 
taJned by A and JBO, the two ^ven atraight lines. 
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3. SimiUvrly BK, DL, and EH are respectively the rect- 
ifies contained by BG and BD, by DK and DE, and by 
Li and EC — i.e, the rectangles contained by A and BD, by 
and DE, and by A and EC (cons, and I. 34). 

Therefore, it is proved, as required, that 

The rectangle contained by the two straight lines A 
and BC = the rectangles contained by A and BD, 
by A and DE, and by A and EC. 

Wherefore^ 
If there he two straight lineSf dec, 

Q. E. 1). 

Hxerciae. 

Prove the above Proposition with MN and 0, the given 
braight lines, MN being divided into parts in P, Q, and R. 



I. 

I ■ 



I : 
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Prop. II. Theorem. 

If a straight line he divided into amy ttvo parts, the recta/ngks 
contamed by the whole line cmd each of its parts are to- 
gether eqtuU to the square on the whole line. 



C. 



Let AB be a straight line divided into any two parts in 



Then it is to be proved that 

The rectangles contained by A B and) _ I The squaie on 
AC and by AB and BC together ) "( AB. 




Construction.* — 1. On AB describe the square ADEB 
(I. 46). 

2. Through C draw CF paraUel to AD or BE (I. 31). 

Proof. — 1. It is evident that the figure AE ^ the sum 
of the figures AF and CE. 

2. But because AE is the square on AB (cons.), and he- 
coMse AF and CE are respectively the rectangles AD, AC, 
and CF, CB, t.e. the rectangles AB, AC, and AB, CB (cons., 
and I. 34), 
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rt^ 



Thei"efore, it is proved, aa required, that 

The rectangles contained by AB and AC and by AB 

and BC together = the square on AB. 

> • * 

Wherefore, 

If a straight line be divided, d'c, 

Q. E. Z>. 

^ It may be taken as a rule in constructing the figures 
>ps. II.-YIII. inclusive, in this Book, that the first thing 
be done is to construct the square spoken of in the Enun- 
bion, and if more than one square is mentioned, the larger 
M3 he constructed. 

Exercise. 

If MN be a given straight line divided into any two 
rts in O, prove fiiat 

The rectangles contained by MN and MO, and by MN 
J NO, together = the square on MN. 
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Pbop. HL Thbobbm. 

If a tiraigki Une he dUrided into any two parUj the redaftgk 
contained hy the whole and one of the partB i» equal to 
the rectangle contained by the ttoo partty together with the 
square on the aforeaaidparL 

Let AB be a straight line divided into any two parts in C. 

Then it is to be proved that 

The rectangle > __ (The rectangle AC, CB, together with 
AB, BC ) ■" 1 the square on BC. 




E 



Construction. — 1. On BC describe the square CDEB 
(I. 46). 

2. Produce ED to F, meeting AF drawn parallel to CD 
or BE (I. 31). 

Pboof. — 1. It is evident that the figure AE = the sum 
of the figures AD and CE. 

2. But because AE is contained by AB and AF , of 
which AF = CD (I. 34) = BC (cons.), there/ore AE is the 
rectangle AB, BC. 

3. Next, because AD is the rectangle contained by AC, 
AF, of which AF = BC (as before), ther^ore AD is the 

rectangle AC, CB. 
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4. Also GE is the square on BO (cons.). 

Hierefore, it is proved, as required, that 

The rectangle AB, BC = the rectangle AC, CB, to- 
gether with the J::quare on BC. 

Whereforei 

If a straight line he divided^ dec. 

Q. E. D. 

Exercise. 

Prove the other case of the ahove Proposition : 

The rectangle AB, AC = the rectangle AC, CB, together 
h the square on AC. 
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Pbop. IY. Theorem. 

Ifa$traight line he divided into any ttffo partSy ike 9quan w 
the whole line is equal to the squares on the two parts, to- 
gether with twice the rectangle contained hy the parts. 

Let AB be a sla'aight line, divided into any two parts 
in C. 

Then it ia to be pioved that 

The square on AB = | The squares on AC and CB together 
^ ( with twice t^e rectangle AC, CB. 




Construction.* — 1. On AB describe the square ADEB 
(I. 46) and join BD. 

2. Through C draw CP parallel to AD or BE (I. 31) 
cutting BD in G. 

3. Through G draw HGK parallel to AB or DR 

Proof.* — 1. Because CP and AD are parallel, and BD 
falls upon them (cons.), therefore ext. angle BGC = int. opp> 
angle GDA (I. 29), i.e. the angle BDA (note def. 15). 

Next, because AB = AD (cons.), therefore the angl® 
ABD = the angle ADB (1. 5), %.e. the angle CBG = theanje 
CGB (ax. 1), and tliere/ore CB = CG (I. 6) ; a^ since CB 
and CG = GK and BK respectively (I. 34), therefore CB, 
CG, GK, and KB = each other (ax. 1), a/nd there/ore the 
figure CK is equilateral. 

2. Further, because CG and BK are parallels, and OB 
falls upon them (cons.), therefore the two int. angles G<JB and 
CBK = two right angles (I. 29). But because CBK is a right 
angle (cons.) there/ore G€B is a right angle (ax. 1) ; amd sinc6 
the angles CBK and GCB = the angles CGK and GKB 
respectively (I. 34), therefore the angles CBK, GCB, CGK, 
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nd GKB each ^ a right angle, aind therefore the figure CK 
I rectangalar. It has also been proved to be equilateral, 
nd ther^ore CK is a square (def. 30), and it is described on 
lie side CB. 

3. Similarly the figure HF is a square, on the side HG 
= AC (I. 34). 

4. Next, ^cot^e the comp. AG = the comp. GE (1. 43), 

and also = the rect. AC, CG, 

= the rect. AC, CB (cons.), 

therefore the comp. GE = the rect. AC,CB (ax. 1); 

nd therefore the comps. AG and GE=. twice the rect. AC, CB. 

5. Now, it is evident that) (the sum of the figures 

he whole figure ADEB , ) "" t AG, GE, HF,and CK. 

But, as above, AG and GE = twice the rectangle AC, CB; 
Uso HF and CK = the squares on AC and CB respectively ; 
ind the whole figure ADEB = the square on AB (cons.) ; 

Therefore, it is proved, as required, that 

The square on AB = the squares on AC and CB, to- 
gether with twice the rectangle AC, CB. 

Wherefore^ 
If a straight line he divided , due, 

Q. E. D, 

« 

Cor. — The parallelograms about the diameter of a square 
ire squares. 

^ In addition to the note as to Construction, Prop. 
[I., it may now be stated that the figures of Prop. IV.-VIIL 
■equire, after the square has been described, the drawing of 
he diagonal, and of the parallel, or parallels, employed. 

' It will assist the learner to notice the following steps 
ii this Proposition : — 

a. To prove that CK is the square on CB (as in 1 

and 2). 
h. To observe that HF is the square on HG, i,e, on 

AC (as in 3). 

c. To prove that the complements AG and GE = 
twice rect. AC, CB (as in 4). 

d. To combine these conclusions is the proof of the 
Proposition itself (as in 5 V 
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Prop. V. Theobem. 

Ij. a straight line be divided into two equal parts, and alto 
into two u/neqttal parts, the rectangle contained 5y thi 
unequal parts, together with the square on the line bdween 
the points of section, is equal to the square on half the 
line. 

Let AB be a straiglit line divided into two equal pariB in 
G, and into two unequal parts in D. 

Then it is to be proved that 

The rectangle AD, DB together) rm. n-n 

with thTequare on CD J = ^^ ^^^^ ^^ ^^- 



A n D 1 


B 


L 


H 


/ 


M 


K 







E 



G 



CoNSTEUCTiON. — !• On CB describe the square CEFB 
(I. 46), and join BE. 

2. Through D draw DHG parallel to OE or BF (I. 31), 
cutting BE in H. 

3. Through H draw KLHM parallel to AB or EF, 
cutting CE in L and BF in M. 

4. Through A draw AK parallel to CL or BM« 

Proof. — Beca/use the comp. CH= the comp. HF (I. 43), 

There/ore CH and DM = HF and DM (ax. 2), 

i,e, the whole CM = the whole DF. 

But because CM = AL (I. 36), 

there/ore AL = DF (ax. 1), 

and therefore AL a/nd CH = DF and CH (ax. 2.), 

i.e. the rect. AH. -==> ^^ ^otxiqu OMG. 
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But heccmae AH is the rect. AD, DH, and DH = DB 
[I. 4, Cor.), therefore AH = the rect. AD, DB, 

nd ther^ore the gnomon CMG = the rect. AD, DB (ax. 1) ; 

^«>r«a&o the gpomonCMG| | ^^^ ^ AD, DB, 
together with LG, i.e. the • = i j.^«^i,^« ,^-+i» V n . 
w^figui-eCEFB / 1 together with LG ; 

iut because LO is the squaro on LH (II.4, C!or. ) and LH=CD 
(I. 34), 

before the whole figure CEFB= I *^^'^,ffi,^S.W^ 
•^ ^ ( With the square on CD. 

But the whole figure CEFB =r the square on CB (cons.). 

Therefore, it is proved, as requii'ed, that 

The rectangle AD, DB, together with the square on 
CD = the square on CB. 

Wherefore^ 
If a straight line he divided^ 8fc. 

Q, E. D, 

Exercises, 

1. Prove that as stated in Pi-op. IV. Proof 3, the figure 
IF is a square on the side HG. 

2. Prove that in Prop. V. the rectangle AD, DB, to- 
ether with the square on CD = the square on AC. 
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Prop. VL Theorem. 

If a gtraight line he bieectedj and produced to any poini, the 
recta/ngle contained by the whole line thus produced, and 
the part of it produced, together with the square on half 
the line bisected, is equal to the square on the straight line 
which is made up of the half and the part produced. 

L3t AB be a straight line bisected in C, and prodaoed to 
iny point D. 

Then it is to be proved that 

The rectengle AD, DB together I ^ ^j^^ ^^ ^1). 

With the square on BU ) ^ 




Construction. — 1. On CD describe the square CEFD 
(L 46), and join DE. 

2. Through B draw EG parallel to CE or DF (I. 31), 
cutting DE in H. 

3. Through H draw KM parallel to AD or EF, cutting 
CE in L and DF in M. 

4. Through A draw AK parallel to CL or DM. 

Proof.— Because AL = CH (I. 36), 

and CH = HF (I. 43), 

there/ore AL = HF (ax. 1; ; 

and therefore AL and CM = HF and CM, 

t.e. ANL =£ ^<^ ^QciiQCL CMG. 
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But becattse AM is the rect. AD, DM, and DM = DB 
C. 4, Cor. ), there/ore AM = rect. AD, DB, 

d therefore the gnomon CMG = the rect. AD, DB (ax. 1), 

ire/ore also the imomon'j . ., ^ _ . * t^ Tk-D x 
r^iilrn X xi. •XI. T r« I the rect. AD, DB to- 

And heccmae LG is the square on LH (II. 4, Cor.), and 
a = CB (I. 34), 

f the rect. AD,DB, to- 
h^refore the whole figure CEFD = • gether with the 

I square on CB. 

But the whole figure CEFD = the square on CD (cons.). 

Therefore, it is proved, a;^ required, that 

The rectangle AD, DB together with the square on BC 
•=. the square on CD. 

Wlierefore, 
If a straight line he bisected, d-c. 

Q. E. D. 

Exercise. 

Prove that if in the above Proposition we take AB as 
i^ected in C, and produced beyond A to D, then we should 
ive, 

The rectangle BD, AD together with the square on AC 
s the square on CD. 
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Prop, VII. Theorem. 

If a straight line he divided into any two parts, the squares 
on the whole line, amd on one of the parts, are equ(d to 
tvnce the rectangle contained by the whole and that party 
together with the square on the other part. 



C. 



Let AB be a straight line divided into any two parts in 



Then it is to be proved that 



The squares on AB ) ( Twice the rectangle AB, BC, 

and BC ) "" I together with the square on AC. 
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Construction. — 1. On AB describe the square ADEB 
(I. 46), and join BD. 

2. Through C draw CF parallel to AD or BE (I. 31), 
cutting BD in G. 

3. Through G draw HK parallel to AB or DE. 

Proof.— Because AG = GE (I. 43), 

th&refwe AG and CK = GE amd CK (ax. 2), 

i.e. AK = CE ; 
and therefore AK and CE = twice AK. 
But AK and CE = the gnomon AKF and CK, 
eherefare the gnomon AKF and OK = twice AK (ax. 1). 
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Next, hecattse AK is the rect. AB, BK, and BK= BC 
. 4, Cor.), tJierefore AK = the rect. AB, BC, 

I therefore the gnomon AKF ) ( twice the rect. AB,BC 

cmdQlL [""j (ax. 1); 

^efore also the gnomon AKF | _ (twice the rect. AB,BC 
^dth CK a7w£ HF | "" | and HF, 

But because HF is the square on HG,and HG= AC (1. 34), 

twice the rect. AB, BC, 
together with the 
square on AC. 



refore the gnomon AKF with] 

:JK awe? HF I "" 



< the gnomon AKF together) (the whole figure 

^th CK and HF j " j ADEB with CK ; 

td the whole figure ADEBj | the squares on ABaiid 
together with CK \^\ f^^^j^'^''^^^^' 

Thel'efore, it is proved, as required, that 

The squai-es on AB and BC = twice the rectangle AB, 
BC, together witli the square on AC. 

WJierefore, 
If a straight line he divided, d'c, 

Q. E. D, 

Exerdae, 

Prove the other case in the above Proposition, that 

The squares on AB and AC = twice the rectangle AB, 
/, together with the square on BC. 
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Prop. TIIL Theoreu. 



If a straiglil Kim be divided into any two parU,/ow timi 
the rectangle contained by the whole line and one of lie 
parts, together with the square on the other pari, m equal 
to tlie square on the straight line which is made wp c/tAe 
whole line and that part. 

Let AB be & etniiglit line divided into any two parte in 



C. 



Th(Mi it is to be proved thiil 

Four times the mctaagte AB,| [ the squai-e onAD, 



BC, together with thesquaiv r ; 



» AB anil 
BC t<^ther. 
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CoNaTKUCTioN. — 1. Produce AB to D, malting BD« 
BC (post 2 and I. 3). 

2. Upon AD describe the square AEFD (I. 46). 

3. Complete the figure hy the paralldis catting the 
diagonal, ea^h way, in K and F (I. 31). 

Proof.— 1. Becavse BD = BC (cons.), and = KIT (!■ 
34), there/ore BC and BD each = KN (I. 3i), thereon 
GK;= KN (ax. 1), andsimilarly PK = RO. 

2. Next, beaavse CB = BD and GK = KN, thereon 
the rect. CK = the rect. BN, and the rect. GK ^ ihe not 
KG {I. 36). 

3. But 6eeau«e the rect. CK =therect.KO(L43),tA«rf/brE 
the rect. BN ^ the rect. GK, and therefore the four rect- 
angles CK, BN, GR, and KG = each other, ther^ore alto 
they are, together, four times any one of them, as CK. 

i. N^i, because BI> = BO (com.), and because 'BD=BK. 
(II. 4, Cor.) = CG (1. 34), ther^ore BC=CG (ax. 1); and 
^t»i?BC=GK(I.34)=GP(II.4,Cor.),tAere/or«Ca=6P 
(ax. 1) ; and there/ore the tect. A.Gi = "iiiie iwiA. MP (1. 36) ; 
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I because PR = RO, there/ore the rect. PL = the rect. RF 
36). But because the rect. MP = the rect. PL (I. 43) 
rc/ar6 these four rectangles AG, MP, PL, and RF = each 
er, amd there/ore they are together four times any one of 
m, as AG. 

5. And because the four rect-] (four times the rect. 

ingles CK, BN, GR, and KOJ ^ | CK, 

nf^L^t ^^i.LTSS^^'"! = four times the m^t. AK. 
naking the gnomon AUM ) 

d becanise AK is the rect. AB, BC, since BK = BD, 
before four times the rect. AB, BC =four times the rect. A K , 

= the gnomon AOH, 

^ <Acre/bre four times the rect. \ _ (the .gnomon AOH 
AB, BC, with XH [ •" t with XH, 

and because XH = the square onXP=r AC, 

re/ore four times the rect. AB,) fthegnomon AOH with 

50, with the square on AC j ( the square on AC, 

== the whole figure AEFD, 
=the square onAD(cons. ), 

(the square on A Band 

~ ( BC together. 

Therefore, it is proved, as .required, that 

Four times the rectangle AB, BC, together with the 
square on AC = the square on AD, i.e. on AB and 
BC together. 

Wherefore^ 

If a straight line be divided, doc, 

Q. E. D. 

N.B. — It will assist the learner to notice the following 
y& in this Proposition : — 

a. To prove that the four rectangles CK, BN, GR, 
and KO = each other, and that together they are foui 
times any one of them, as CK (as in 1,2, 3). 

b. To prove that the four rectaiigles AG, MP, PL, 
and RF = each other, and that together they are 
four times any one of them, as AG (as in 4). 

c. To combine these conclusions is the proof of the 
Proposition itself (as in 5). 
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Prop. IX. Theorem. 

If a straight line be divided into two eqtial and also into tm 
unequal parts, the squares on the two unequal parts an 
together double of the square on half the Him and of tk 
square on the line between the povrUs of section. 

Let AB be a straight line divided into two equal parts 
in C, and into two unequal parts in D. 

Then it is to be proved that 

The squares on AD) j double the squares on AC 



and I)B together 



( and CD. 




^. 



Construction. — 1. From C draw CE at right angles to 
AB and = AC or CB (I. 11, and 3). 

2. Join EA and EB. 

3. Through D draw DF parallel to CE (I. 31), meeting 
EBinF. 

4. Through F draw FG parallel to AB (I, 31), meeting 
CE in G, and join AF. 



Proof. — 1. Because AC = CE (oons.), therefore the angle 
CEA = the angle CAE (I. 5) ; and because ACE is a right 
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angle (cons.), tJwrefore the angles CEA and CAE are together 
a light angle (I. 32) ; cmd siruse they are equal to each other, 
there/ore each angle CEA and CAE = half a right angle. 

Similarly^ each angle CEB and CBE = half a right 
angle, and therefore the angles AEC and CEB together, 
i.6. the angle AEB = a right angle. 

2. Next, because in the triangle EGF the angle GEF= the 
angle CEB (note 2 def. 15) = half a right angle, and because 
the angle EGE is a right angle, since the angle EGF = the 
angle GOB (I. 29) = the angle ECB (note def. 15) = a right 
angle (cons.), therefore the remaining angle EFG =half a 
Jight angle (I. 32), and therefore the side EG = the side GF 

. (I. 6). 

3. Again, because in the triangle FDB the angle FBD = 
^he angle EBC, as above = half a right angle ; and because 
the angle FDB is a right angle (cons.); therefore the remain- 
1^ angle BFD = half a right angle = the angle FBD, and 
ih^ef<yre the side DF"= the side DB (I. 6). 

4. Because in the triangle AEC the side AC = the 
side CE (cons.), therefore the square on AC = the square on 
OE, amd therefore the squares on AC and CE together = 
double the square on AC. 

But beca/use the, square on AE = the squares on AC and 
CE (I. 47), <Aere/bre the square on AE = double the 
square on AC (ax. 1). 

5. Because in the triangle GEF it has been proved that 
the side EG = the side GF, therefore the square on EG = 
the square on GF, and therefore the squares on EG and GF 
s= double the square on GF. 

But because the square on EF = the squares on EG and 
GF (I. 47), therefore the square on EF = double the square 
onGF. 

And because GF =r CD (I. 34), therefore the square on 
EF =s double the square on CD (ax. 1). 

¥2 
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And becatise, as already proved, the square on EA = 
double the square on AC, therefore the squares on EA and 
EF = double the squares on AC and CD (ax. 2). 
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6. Next, because in the triangle AEF the square on AF 
= the squares on EA and EF (I. 47), there/ore the square 
on AF = double the squares on AC and CD (ax. 1). 

7. But because in the triangle ADF the square on AF 
= the squares on AD and DF (I. 47), therefore the squares 
on AD and DF = double the squares on AC and CD (ax. 1) ; 
and since, as already proved, DF = DB, 

Therefore, it Ls proved, as required, that 

The squares on AD and DB together = double the 
squares on AC and CD. 



Wliere/ore, 
If a straight line be divided, <L'c. 
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Q. E. D, 



N.B. — It will assist the learner to note the following steps 
in this Proposition : 

a. To prove that AEB is a right angle (as in 1). 

b. To prove that the side EG = the side GF (as in 2). 

c. To prove that the side DF = the side DB (as in 3). 

d. In the triangle AEC to prove that the square on 
AE = double the square on. AG (as in 4), 
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e. In the triangle GEF to prove that the square on EF 
= double the square on CD (as in 5) ; and to prove 
that the squares on AE and EF = double the squares 
on AC and CD. 

/. In triangle AEF to plx)ve that the square on AF 
= double the squares on AC and CD (as in 6). 

g. In the triangle ADF to prove that the squares on 
AD and DB = double the squares on AC and CD 
(as in 7), 

Exerciaea, 

Prove the other case in Proposition VIII. that if 
•e produced to D, making AD ^ AC, 

Dur times the rectangle contained by AB, AC, tc^ther 
the square on BC = the square on BD, i.e. on AB and 
Dgether. 

Prove the other case in Prop. IX. that if AB be 
3d unequally between A and C, 

be squares on AD and DB together = double the 
es on BC and CD. 
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Prop. X. Theorem. 

If a straight line he bisected <md produced to amy pointj ik 
square on the whole line thus produced^ amd the square on 
the part of it produced, are together double of the sqmre 
on half the line bisected amd of the square on th^lyM 
Tnade up of the half and the part produced. 

Let AB be a straight line bisected in C, and produced 
toD. 

Then it is to be proved that 

The squares on AD and DB = double the squares on 
AC and CD. 



/ 




Construction (1). — 1. Draw CE at right angles to AB 
(1. 11), and = AC or BC (I.'S). I 

2. Join AE and EB. 

3. Draw EF parallel to CB, meeting DF drawn parallel 
to CE (I. 31). 

Then 

Because EF meets the parallels EC and FD, therefore 
the two int. angles CEF and EFD r= two right 
angles (1. 29) ; otkI thereforeike angles BEFand EFD 
are less than two xiglit an^ei&) imd, i^erefore EB 
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and FD will meet, if produced towards B and D 
(ax. 12). 

CoNSTBUCTiON (2). — Let EB and FD be produced meeting 
'n G, and join AG. 

Proof. — 1. Because AC = CE (cons.), therefore the angle 
CEA = the angle CAE (I. 5) ; arid because ACE is a right 
iHgle, therefore the angles CEA and CAE are together a 
nght angle (I. 32) ; o/nd since they are equal to each other, 
^^aerefore each angle CEA and CAE s half a right angle. 

Similarly, each angle CEB and CBE = half a right angle, 
»nc? therefore the angles CEA and CEB together, viz. the 
Uigle AEB, i.e. the angle AEG = a right angle. 

2. Beca/ase in the triangle BDG the angle DBG = the 
mgle CBE (1. 15) = half a right angle, as just proved, and 
because the angle BDG = the angle ECB (I. 29) = a right 
kugle, therefore the remaining angle DGB = half a right angle 
5s the angle DBG, and therefore the sideBD = the side DG 
1.6). 



3. Because in the triangle EGF, the angle EGF = the 
ingle BGD = half a right angle, as just proved, and 
}ecause the angle EFG or the angle EFD = the angle ECD 
I. 34) = a right angle, therefore the remaining angle GEF 
== half a right angle = the angle EGF, cmd therefore the 
dde FE = the side FG (I. 6). 

4. Again, because in the triangle EGF, the side FE = the 
dde FG, as just proved, therefore the square on FG = the 
square on FE, and therefore the squares on FG and FE 
= double the square on FE. 

But because the square on EG = the squares on FG and 
FE (I. 47), therefore the square on EG = double the square 
m EP (ax. 1); and svrvce EF = CD (I. 34), therefore the 
square on EG = double the square on CD. 

5. Next, because in the triangle ACE, the side AC = the 
side CE (cons.), therefore the square on AC = the square on 
DE, amd therefore the squares on AC and CE = double 
the square on AC (ax, 1). 

But because the square on AE = the squares on AC and 
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CE (L 47), therefore tiie sqiiare on ATC = doable tlie aipiaie 
on AC (ax. 1). 




6. Now, because the square) _ (double the square cxi 

i " 1 AC, 



on AE 



md became the square on EG = j^^J^ ^^"^ °° 
therefore the squares on AE and) (double the squares on 



EG 

But the square on AG 

therefore the square on AG 
Agamy the square on AG 



j — t AC and CD (ax. 2). 

(the squares on AE and 

- lEG (L 47), 

_ (double the squares on 
"" t AC and CD (ax. 1). 

(the squareson AD and 

- iDG (1. 47), 



therefore, also, the squares on] J double the squareson 



AD and DG 
and since DG 



lACandCD; 
= DB, as already proved, 



Therefore, it is proved, a« required, that 

The squares on AD and DB = double the squares on 
AC and CD. 



Wherefore, 
If a straight line he bisected, <lcc. 



Q. E. D. 
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N.B. — It will assist the learner to note the following 
teps in this Proposition : — 

a. To prove that AEB, i.e. AEG, is a right angle (as 
inl). 

5, To prove, in the triangle BDG, that BD = DG (as 
in 2). 

c. To prove, in the triangle EGF, that FE = FG (as 
in 3). 

d. To prove, also in the triangle EGF, that the square 
on EG = double the square on EF, i.e. on CD (as in 4). 

e. To prove in the triangle ACE that the square on AE 
=7 double the square on AC (as in 5). 

/. To prove from the tiiangles AEG and ADG, in con- 
nection with previous results, the assertion made in 
the Proposition. 

Uxerdse. 

Prove the other case in Prop. X. that if BA be produced 
io D, beyond A, 

The squares on BD and AD = double the squares on BC 
tndCD. 



¥ o 



i 
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Prop. XI. Problem. 

To divide a straight line into two parts, so that the rect- 
angle contained by the whole a/nd one of the parts shaU 
he eqiuil to the aqiMre on the other pa/rt. 

Let AB be a straight line. 

It is requiied to divide AB into two parts, say in H, so 
that 

The rectangle AB, BH = the square on AH. 

O 



A 



£ 



1 


H B 







D 



Construction.— 1. On AB describe the square ACDB 
(I. 46). 

2. Bisect AC in E and join BE (I. 10, and post. 1). 

3. Produce CA to F, making EF= EB (post. 2, and 
I. 3). 

4. On AF describe the square AFOH. 

5. Produce GH to K, in CD. 

Then it is to be proved that AB is divided in H, so that 
The rectangle AB, BH = tlie ^uu-t^ oti kB., 
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Proof. — ^The rect. CF, FA, ) _ ( the square on EF 
with the square on EA J | (II. 6). 

_ (the square on EB, since 
■* tEF = EB (cons.). 

But because EAB is a rights , ., -c * , 

1 / \ ^r y» xr I the squares on EA and 

angle (cons.), therefore ther=r j at>7i 4.7 ^ 
square on EB ' ^ V • /> 

€tind therefore the rect. CF, FA,| (the squares on EAand 

with the square on EA J "" | AB ; 

therefore also the rect. CF, FA = the square on AB (ax. 3). 

But FK is the rect. CF, FA, since FG = FA and 
■AD is the square on AB (cons.), 

tJterefore FK = AD. 

Take away the common part) ., . j tttv 

AK, t/L the remainder ml = *^« ^rnBmdBv HD. 

Now, FH is the square on AH (cons.), and HD is the 
rectangle DB, BH, i.e. AB, BH (cons.). 

Therefore, it is proved, as required, that 

The rectangle AB, BH = the square on AH ; and the 
straight line AB is divided into two parts in H, as 
required. 

Q. E. F. 
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Prop. XII. Theorem. 

In ohttbae-angUdt tricmgles, if a perpendictdar he drawn frm 
either of the acute angles to the opposite side produced, 
the square on tlie side subtendmg the ohttise a/ngk ii 
greater than the sqtmres on the sides containing tk^ 
ohtvse amgh, hy twice the rectxmgle contained by the M 
on which, whm produced, the perpendicular faUs, aid 
the straight line intercepted without the triangle^ between 
the perpendicular and the obtuse a^ngle. 

Let ABC be an obtuse-angled triangle, having the obtuse 
angle AOB, and, from the acute angle A, let AD be drawn 
perpendicular to BC, produced to D. 

Tlieu it is to be proved that 

The square oli AB is greaier than the squares on BC 
and CA by twice the rect. BC, CD. 




Proof. — Because the square on BDssthe squares on 
BC and CD, and twice the rect. BC, CD (II. 4), therefore the 
squares on BD and DA = the squares on BC, CD, and DA, 
and twice the rect. BC, CD (ax. 2). 

But because BDA is a right angle (hyp.), therefore the 
squai-e on AB = the squares on^BD and DA (I. 47). 

Similarly, the square on CA = the squares on CD and DA. 

Therefore, substituting these values (in line 2), the 
square on AB = the squares on BC and CA, vjith twice the 
rect BC, CD. 



PROP. XII. THEOREM. 109 

Therefore, it is proved, as required, that 

The square on AB is greater than the squares on BC 
and CA by twice the rectangle BC, CD. 

Wherefore^ 
In obttise-angled triangles, <L'c, 

Q. E. D. 

Exercise, 

Fi*oye the other case in Prop. XII. that if the perpendi- 
'\xlar BD be drawn from the other acute angle, B, to the side 
^C produced to D, 

The square on AB is grea^ than the squares on BC and 
O A by twice the rectangle AC, CD. 



( 
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Prop. XIII. Theorem. 

In every triangle the square on the side subtending an acvie 
a/ngle is less tham, the squares on the sides containing 
that angle, hy twice the recta/ngle contained by either of 
these sides and the straight line intercepted between the 
perpendictdar let foUl on it from the opposite angle, and 
tlie acute angle. 

Let ABC be any triangle, and the angle at B an acute 
angle ; and on BC, one of the i^ides containing it, let M the 
perpendicular AD from the opposite angle. 

Then it is to be proved that 

The square on AC is less than the squarevS on CB and 
BA by twice the rectangle CB, DB. 

Case I. — ^When the perpendicular falls within the triangle 
ABC. 




Proof. — Beca/use the squares on CB and DB = twice 
the rect. CB, DB, vnth the square on DC (II. 7), 

Therefore the squares on CB, DB, and DA = twice the 
rect. CB, DB, with the squares on DC and DA. 

But iecause BDA is a light angle (hy^.^, 
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Ill 



Therefore the square on AB = the squares on DB and 
(I. 47). 

Similarly, the square on AC = the squares on AD and DC. 

Therefore, substituting these values (in line 2), the squares 
on CB and AB = twice the rect. CB, DB wil^ the square 
on AC. 

Theiefoie, it is pioved, as required in this Case, that 

The square on AC is less than the squares on CB and 
BA by twice the rectangle CB, DB. 

Case II. — ^When the perpendicular falls without the 
triangle ABC. 




Proof. — Because the angle at D is a right angle (hyp.), 
md heca/uae the angle ACB is greater than the angle at D 
(1. 16), therefore the angle ACS is an ohtuee angle; 



(Mid therefore the square on AB =s - 



the squares pn AC and 
CB, with twice the rect. 
CB,CD(II. 12); 



Ov&refore, deo, the squares on) 
AC and BC I 



{the squares on AC, CB, 
BC, with twice therect. 
BC, CD, 

the square on AC,, 
twice the square on BC, 
' with twice the rect. BC, 
CD. 
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But beeauae the rect BD, BC = 



(tiie rect BC, CD, with 
1 the square oaBC (IL 3), 

i twice the rect BC, CD, 
with twice the square 
onBC; 



therefore^ alsOy substitatiiig these values (in lines 4, &c,), the 
squares on AB and BC = the square on AC, with twice the 
rect BD, BC. 



Therefore, it is proved, as required in this Case, that 

The square on AC is less'thaji the squares on CB and 
BA by twice the rectangle CB, DB. 



Case III. — ^When the perpendicular is a side of the tri- 
angle ABC. 




Pboof. — In this Case the side BC is the sti^aight line 
between the perpendicular let fall from the opposite angle Ay 
and the acute angle taken at B. 



Now, becatue the square on AB =s the squares on AC 
and CB (I. 47), therefore the squares on AB and BC = the 
square on AC, with ttoice the square on CB (ax. 2). 
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Therefore, it is pioved. as required in this Case, that 

The square on AC is leas than the squares on CB and 
BA by twice the rectangle CB, CB, i,e, CB, CD, 
in other Cases. 

WTiere/ore, 
In every triangle the square^ d:c, 

Q. E. D. 
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' Prop. XIV. Problem. 

To describe a square that shall be equal to a given 

rectilineal figure. 

Let A be the given rectilineal figure. 

It is required to describe a squ are = the rectilineal 
figure A. 




Construction. — 1. Describe the rectangular parallelo- 
gram BODE = A (I. 45), and if the sides BE and ED 
= each other, it is a square, and what was required is done. 

2. But if BE and ED are not equal, then produce one of 
them as BE, to F, making EF = ED (post. 2, and I. 3). 

3. Bisect BF in G (I. 10). 

4. From centre G, with radius GB or GF, describe semi- 
circle BHF (post. 3). 

5. Produce DE to H, and join GH (posts. 2 and 1). 

Then it is to be proved that 
The square described on EH = the lectilineal figureA. 



Proof. — Because the rect.BE, 
EF, with the square on GE 



(the square on GF (IL 
-\ 5), 

_ (the square on GH, for 
~ VGK — GF (cons.). 
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.,' ^Tx ) ( the squares on GE and 

.«,e the 8qua« on GH )=j ^^ 

the rect. BE, EF, with) _ f the squares on GE and 
uare on GE [ " ( EH (ax. 1), 

efore the i-ect. BE, EF =the square on EH (ax. 3). 

the rect. BE,EF,is the rect. BE,ED,for EF = ED ; 

; the rect. BD = the square on EH. 

the rect. BD = the figure A (cons.). 

■efore, it is proved, as required, that 
le square described on EH = the rectilineal figure A. 

Q. K F. 



ADDENDUM. 

EUCLID, BOOK n. 

The chief difficulty the learner has in remembering, 
as well as in learning, the Propositions of Euclid, Book II., 
arises from the verl^ similarity in many of the Enuncia- 
tions. 

This difficulty may be lessened, in preparing for an 
examination at least, by taking the following Propositions 
in the classes referred to. 

A. 

Properties of a straight line divided into any two parts. 

Props. 2, 3, 4, 7, and 8. 



B 



Let AB be a straight line divided into any two parts 
inc. 



Then, Prop. 2, 

The rectangles contained 
by the whole and each of 
the parts 



= the square on thewhole line. 



Prop. 3, 

the rectangle contained by 
two parts, with square on 
the aforesaid part. 



The rectangle contained) I 

by the whole and one part ) | 



Prop. 4, 

Thesquareon thewhole| ^ f^^t^-^ttX^ 



118 



EUCLID, BOOK II. 



Prop. 7, 

The squares on the whole \ 
line and one of the parts j 



Prop, 8, 

Four times the rect-> 
angle contained by the 
whole and one part, to- 
gether with the square on 
the other part, 



(twice the rectangle con- 
tained by the whole and 
that part, together with 
the square on the other 
part. 



rthe square on the straight 
- line made up of the whole 
land that part. 



B. 

Properties of a straight line divided equally and unequally. 

Props. 5 and 9. 



D 



B 



Let AB be a straight line divided equally in C and un- 
equally in D. 

Then, Prop, 5, 

The rectangle containedx 
by the unequal parts, to-j 

gether with the square on I = the square on half the line, 
the line between the points 
of section, / 



Prop. 9, 

The squares on the un-\ 
equal parts j 






double the square on half 
the line, together with 
-j double the square on the 
line between points of sec- 
tion. 
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C. 

Properties of a straight line bLsected and produced. 

Props. 6 and 10. 



C 



B 



D 



Let AB be a straight line bisected in C and produced 
toD. 



Then, Prop, 6, 

The rectangle contained v 
by the whole produced line 
and the part produced, to- 1 
gether with the square on 
half the line bisected / 



Ithe square on the straight 
line made up of the half 
and the part produced. 



Prop, 10, 

The squares on thcj 
whole produced line and on • 
the part produced ) 



double the square on half 
the line bisected, together 
with double the square on 
the line made up of the 
half and the part produced. 
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Manual of Geography, with Six Coloured Maps, fop. 870 7t. M. 

in Two Parts :— 1. Europe, St. 6d. 11. Asia, Africa, America, fto.... ...... 4t. 

hes's Manual of British Geography, fcp. Svo 8t. 

b. Johnston's Gasetteer, or Geographical Dictionary, Svo 42t. 

x>n's Ezamination-Papers in Geography, crown Svo. ^^^.^^^^ It. 

Md's Geography of Palestine or the Holy Land, 12mo. ....................... It. 6d. 

ader's Treasury of Geography, fcp. Svo 6t. 

Stepping-stone to Geography, ISmo. .................................................. It. 

van's Geography Generalised, fcp. St. or with Maps, It. M, 

- Introduction to Ancient and Modem Geography. ISmo It. 

Physical Geography and Geology, 

a's Bocks Classified and Described, by Lawrence, post Svo lit. 

hes's (E.) Outlines of Physical Geography, 12mo. St. M, Questions. 6d, 

(W.) noysical Geography for Beginners. ISmo. It. 

h's TrcAtise on the Use of the Globes, 12mo 8t. 6d. Key St.6il. 

ry's Physical Geography for Schools and General Beaders. fcp. Svo U, 6d. 

la's Puzzle of Life(Elementary Geology), crown Svo St.M. 

tor's Elementary Physical Geography, fcp. Svo It. (kl. 

dward's Geology of England and Wales, crown Svo. 14f. 

School Atlases and Maps, 

er'B Atlas of Modem Geography, royal Svo lOt. M. 

. Junior Modem Atlas, comprising 12 Maps, royal Svo it.6d. 

- Atlas of Ancient Geography, royal Svo 18«. 

- Junior Ancient Atlas, comprising 18 Maps, royal Sva 4t.6d. 

- General Atlas, Modem ft Ancient, royal 4to 82c. 

lie Schools Atlas of Ancient Geography, 25 entirely New Coloured Maps, 
inperial Svo. or imperial 4to. 7t. M, doth. 

lie Schools Atlas of Modem Geography. 81 entirely New Coloured Maps, 
imperial Svo. or bnperial 4to. fit. doth. 

Natural History and Botany, 

Hey and Moore's Treasury of Botany. Two Parts, fop. Svo 12t. 

alister's Systematic Zoology of Vertebrates, Svo lOt. 6d. 

mdor's Treasury of Natural History, revised by Holdsworth, fcp. Svo. 6t. 
m'a Natural History for Beginners, ISmo. Two Parte 9d. each, ot I toL 2t. 

Stepping-stone to Natural History. ISmo 2t.6d. 

Or in Two Parts.— I. MammaUa, It. IL Birdt, MeptUtt, and FUhet It. 
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Wood's BfUe AntmaTH. 8vo 14f. 

— Homes without HandB, 8vo. 14t. 

— InseotB at Home. 8vo 14t. 

— InseotB Abroad, 8vo 14t, 

— Oat of Doors, crown Svo 7i.UL 

— Strange DwellLags, crown 8vo 7t. M. 

Chemistry and Telegraphy, 

t^^tflrmstrong's Organic Chemistry, small 8vo 81. M 

' Qrookes's Select Methods in Chemical Analysis, crown 8vo Ut. 6d. 

Onlley's Praotical Telegraphy, 8vo Us. 

Miller's Elements of ChemistiTi 8 vols. 8vo. 

Part I.-~Ohemical Physics, Sixth Edition, 16«. 
Part n.— Inorganic Chemistry, Sixth Edition, 240. 
Part m.— Organic Chemistry, Sixth Edition in the pren, 

— Introduction to Inorganic Chemistry, small 8vo Si. %d, 

Odling's Coarse of Practical Chemistry, for Medical Stadents, crown 8vo... 6f • 

Preeoe and Sivewright's Telegraphy, crown 8to. ^ St. 6d. 

Tate's Oatlines of Experimental Chemistry, 18mo „.... M. 

Thorpe's Qaantitative Chemical Analysis, small 8vo ».».... 4f. 6d. 

Thorpe and Mair's Qualitative Chemical Analysis, small 8vo....^ St. 6d. 

Tilden's Theoretical and Systematic Chemistry, small Svo m... St. Ad. 

Natural Philosophy and Natural Science, 

Bloxam's Metals, their Properties and Treatment, small Svo. .....m St. 6(1. 

Day's Numerical Examples in Heat, crown Svo »....^ ^ l«.6d» 

— Electrical & Magnetic Measurement, 16mo « St. M^ 

Downing's Pnustical Hydraulics, Part I. Svo^ ~ ^...... St. Mm 

Gkmot's Physics, translated hy Prof. E. Atkinson, large crown Svo „••••!&•• 

— Natural Philosophy, translated by the same, crown Svo 7«. 6d« 

Gore's Art of Scientific Discovery, crown Svo ISt. 

Helmholtx' Popular Lectures on Scientific Subjects, Svo. ...........................Ut. 6(K. 

Irving's Short Manual of Heat, small Svo ^„, St. Stt. 

Jenkin's Electricity ft Magnetism, small Svo St. 6A. 

Maroet's Conversations on Natural Philosophy, fop. Svo „. 7t. <MK> 

Maxwell's Theory of Heat, snuUl Svo — U,9d, 

Merrifield's Natural Science Beading Books 

Minchin's Treatise on Statics, crown Svo .10 t.6d. 

Tate's Light ft Heat, for the use of Beginners, 18mo dd, 

— Hydrostatics, Hydraulics ft Pneumatics, ISmo. „... 9d. 

— Electricity, explained for the use of Beginners, ISmo 9ii. 

— Magnetism, Voltaic Electricity ft Electro-Dynamics, ISmo. ............ M. 

Tyndall's Lesson in Electricity, with 68 Woodcuts, crown Svo. ...............m. Si. td, 

— Notes of Lectures on Electricity, It. sewed. It. 6d. doth. 

— Notes of Lectures on Light, It. sewed. It. 6d. doth. * 
Weinhold's Introduction to Experimental Physics, Svo ...»...Slt. ML 

Text-Books of Science^ Mechanical and Physiedl, 

Abney's Treatise on Photography, small Svo St.6d. 

Anderson's (Sir John) Strength of Materials.. St.(M» 

Armstrong's Organic Chemistry St. 6(1. 

Barry's Railway Applianoes St. ML 

Bloxam's Metals St. ML 

Qoodeve's Elements of Mechanism ^ U,9d» 

— Principles of Mechanics ZM,td, 

Gore's Art of Blectro-Metallmrgy 6t. 

Griffin's Algebra and Trigonometry ^ St. Sd, 
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Jankln't Bleotaricil^ and Magnetism ....^ 8«. 6d. 

XttcweU'B Theory of Heat ^...^... St. 6d. 

XerxJfleld'B Technical Arithmetic and Mensvration St. M. 

MiHer'B Inorganic Ohemifitry St. Sd. 

Preece ft Bivewright's Telegraphy > ^ ^ St.(kl. 

fintley'B Bindy ofBocks, a Text-Book of Petrology ~. ^ 4t. M. 

SheUey'B Workshop Appliances « ^ .^ St.6(l. 

Thome's Btroctnral and Physiological Botany « ^ »..«. 6f. 

Thorpe's Qaantitatiye Chemical Analysis ^ i«.M. 

Thorpe ft Moir's Qualitative Analysis St. 6d. 

Tllden's Chemical Philosophy ^.,.^^ 8«.6d. 

Unwin's Blements of Machine Design^ m.»....«..»,m« .» ^ •« St. M. 

WatBon's Plane and Solid Geometry St. Sd. 

The London Science Class-Books^ Elementary Series. 

Astronomy* oy B. S. Balli LL.D. F.B.S >. „.—..„„„ It. 6<l. 

Botany. Morphology and Physiology, by W. B. McNab, M.D ^ It. 6d. 

— the Classification of Plants, by W. B. McNab, M.D. ...^....^ It. Sd. 

Geometry, Congment Figures, by O. Henrici, F.B.S. ^...... It. M. 

Hydrostatics and Pneumatics, by P. Magnus, B.Sc. It. 6d. or with Answers 2t, 

Mechanics, by B. S. Ball, LL.D. F.B.S «. It. M. 

Practical Physics : Molecular Physics ft Sound, by F. Guthrie, F.B.S It. 6d. 

Thermodynamics, by B. Wormell, M.A. D.Sc ^ It. M. 

Zoology of Vertebrate Animals, by A. McAlister, M.D U. 6(1. 

Zoology of Invertebrate Animals, by A. McAlister, M.D ^.,. it. M, 

' Mechanics and Mechanism, 

i Barxy's Bailway Appliances, Bmall 8vo. Woodcuts... St. Sd. 

i Goodeve's Blements of Mechanism, small 8vo. St. 6d. 

■ — PrincipleB of Mechanics, small 8vo St.6d. 

Hanghton's Animal Mechanics, Svo ^ Us. 

Magnus's Lessons in Elementary Mechanics, Bmall Svo ....««.... St. 6d. 

^eUe/s Workshop Appliances, small 8va Woodcuts St. 6d. 

Tate's Bzercises on Mechanics and Natural Philosophy, 12mo St. Key St. 6d. 

*— Mechanics and the Steam-Bngine, for Beginners, 18mo 9d. 

TwiBden'B Introduction to Practical Mechanics, crown Svo lOt. Sd. 

— First Lessons in Theoretical Mechanics, crown 9ro» ^ 8s. 6d. 

WflMi'B Prindplee of Mechanism, Svo. 18t« 

Engineering^ Archttecturej &c. 

Anderson on the Strength of MaterialB and Strmotnree, small 8va ............ St. 6d. 

Boone's Treatise on the Steam-Bngine, 4to 4lt, 

— Catechism of the Steam-Engine, fcp. Svo „.... %§, 

— Becent Improvements in the Steam-Engbie. fcp. Svo. ......... ...... St. 

— Handbook of the Steam-Engine, fcp. Svo S«. 

Downing's Elements of Practical Construction, Pabt I. Svo. Plates .........14t. 

Fairbaim'B Mills and MiUwork, 1 vol. Svo 2St. 

— Useful Information for Engineers. S vols, crown Svo. Slt.6d. 

GwilfB BncyoloptBdia of Architecture, Svo fifis. Sd. 

Main and Brown'B Marine Steam-Engine, Svo. ».........18t. Sd. 

— — Indicator ft Dynamometer, Svo 4t. id. 

— — QuestionB on the Steam-Engine, Svo. 6t.6d. 

MitcOiell'B Stepping-stone to Architecture, ISmo. Woodoats It. 
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Hiffiih<r«Outaiw of Ajtrononj, Twelfth «dMoa.«qMn 
lmmi% Hidbook tor the Btoa, loyalSfDi... 



Part n. Thmr^tmU 7*.9d, or Jhc 3 Pi»u in 1 toL priae M«. 

Laoi^itOD't Xsodcal B ui f eein g, muJl Sfo. ...^ ^ tiu ' 

k Deviation of the CnmiiMi, Wmx IjuML i 



ftoetor'e Leaaoae in M em euUf j Aatropo—y. tep. 8fa. ^ U.ML 

— libfBry Star AtlM, folio .^^— .^-. iff^ } 

— JTeir Star AthM tor Bdiooli, crown dvo. .^ ^ in, 

<— Handbook fov the Stan, aqiiare tep. Sfo. ^~.. ie. 

The Stepping 'Stone to AatnmoDiy, 18mo. >.^^^ U, 

TateTe Ajtroponj and the me of the Olobee. tor Be tlnn er a . Mtoou ^^.^.^ M. 
Webh'e CekatialOl^keto for Coamoa Teteaeopea. Sew Editkn in ; 



Ankndl Phynology and PreservatUm of Health, 

of the FeeUngB, crown 8vo ^^^^^^ li.M. 

— Fhfiriologj and the Lafwiof Health. 11th Tbooaand, top. 8TO. lf.M. 

— Diafrmna for Olaaa Teadiinf „„ .^per pair ft. 6d. 

BtudEton'B Food and Home Cookery, erown 8to. ^ ^^^. St. 

"~ Htalth in the Hooaei erown 8to. ,~....~.^....»m.m.m.m.m.m.m«m. li* 

— Town ft Window Chffdeninff, crown 8ro. ^ ......^...^^..^.^ St. 

Hartliy'iAiraaditaBelationatoLife.nnanSvo. .. 6t. 

HonaelLirelntStnietineandVnnetionsoftheHmiianBodj.lftBOi. ^.. St.6dL 

i Mapokher'i Animal Fhyil6k)gy, Iftno. ^ » It. 

Qmeral Knowledge and Chronology, 

OncHt* Srenfts of England in Rhyme, ■qnare limo. ^ ^^^ It. 

Blater'a ttnUnti^ Okromologicm, fheOriginal Wofk.lSao. ^ ....... It. 6d. 

— — — impiDrBdby]liflaSewe]l.lSmo..„ ...... St. Id. 

Steppinff-Stone (The) to Knowledce, Umo. „.... it. 

Seoond Serlet of the Steppinff-Stone to Gen«ral Knowledse. Umo. ............ It. 

SterBaTa Qaeatioiu on Generalitlea. Two Seriea. eaoh St. Keyi ...... ......each 4t. 

Mythology kA Antfiquitiee, 

Beokar'B QaUm, Soman Soenoa of the Tbne of Anffasfeu, post Sro. 7t. 6d. 

— OkarUUi, iUnaferatingthe Prirate Lite of the Andcnt Greeln ... 7t. M. 

Swald'B Antlqnitiei of Inrael. tnmalated by Solly. 8vo. ISt. 6d. 

Hort'B New Pantheon. ISmo. with 17 Plates „. St. 6d. 

Klob'B Dliuitrated Diottonazy of Bomaa and Qreek Antiaoities. post Svc... 7t. Id. 

JBiogr(^fhy, 

Olelff'B Life of the Duke of Wellington, crown 8to It. 

JoneB'B Life of Sir Martin Frobiflher, crown 8to 6t. 

Macaolay'B Ollye, annotated by H. 0. Bowen, MA. fep. 8vo St. ML 

Matmder'B Biographical TreaBoxy, re-written by W. L. B. Oatea. .fop. 870. It. 
Btepplng-Stone (The) to Biography. ISmo. it. 

Epochs of Modem History. 

Ohnroh'B Beginning of the Middle Agea. fcp. 8vo. Maps St. ML 

Oordary's French Revolution to the Battle of Waterloo In prtpartMon, 

OojCb Omsadea, fcp. 8vo. Maps ^^.^.^^^^^^^^...^...^^^^^^^^^ St. Id 

Orelghton'B Age of Bliaabeth. fcp. 8vo. Maps..................................M St. 9d 

Gairdner's HonBCSOf LanoaBter ft York, fcp. Svo. Maps............................ St. M. 
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Gurdiner'B Thirty Yean* Wat, iei8-1648. fop. 8vo. Maps ^.^.^^.^.^^.^^^ St. M. 

— First Two Stoarts and the PoritanBevolntion, fop. 8fO.Mi4M 8t.6d. 
Hale's Fall of the Stxuurts, fop. 8yo. Maps ^..,.^.^.^.^.^^.^^.^^^^^.,.^ Si. 6d. 
Johnson's Normans in Bnrope, fop. 8to. Maps................^...^....^............... U, ^, 

Longman's Frederiok the Great and the 7 Years' War In pr^pa/raUon, 

Lndlow'sWarof Amerioanlndependenoe. fop.8?o. Maps... ............ .^ 8t.6d. 

MoOarthy's Bpoohof Parliamentary Reform Jn preparation, 

Moberly's Barly Tndors In preparation, 

Morris's Age of Anne* op. Svo. Maps ......«..m.m.m.m.m.m..........«...mm. St. 6d. 

Beebohm's Protestant Bevolution. fop. 8vo. Maps....................................... St. (kl. 

Stabbs's Barly Flantagents, fop. Svo. Maps St. 6dt 

— Bmpire under the House of Hohenstanfen In preparation, 

Warhnrton's Edward the Third, fop. 8vo. Maps .......................................... St.6d. 

Epochs of English History, 

Oreighton's Shilling History of Bngland, Introdaotory. . Sro.................. 

Browning's Modem Bngland, from 1820 to 1876 9d, 

Oordexy's Stmggle against Ahsolnte Monarohy. 1008-1888, fop. Maps M. 

Ondghton's Bngland a Continental Power, 1066-1S16, fop. Maps 9d. 

— Tadors and the Reformation, 1486-180S, fop. 8vo. Maps 9d. 

Powell's Barly Bngland up to the Norman Oononest, fop. 8vo. Maps Is. 

Rowley's Rise of the People and Ghrowth of Parliament, 1S16-148B, fop. Maps. M. 

— Settlement of the Oonstitntion, 1688-1778, fop. Maps 9d. 

Tanoook's Bngland during the Revolntionaiy Wars, 1778-1810. Od. 

Epochs of English History, complete in 1 vol. fop.8vo. fit. 

British History, 

Armitage's Ohildhood of the English Nation, fop. 8?o. «.....«.« St. Sd, 

Bartle's Synopsis of Bnglish History, fop. 8vo St. M. 

Oantlay's English History Analysed, fop. 8to. ............................................. is. 

Oateehism of Bnglish History, edited by Miss SeweD, ISmo. it. Sd, 

Bpochsof English History, edited by Creighton, fop. 8fo ^ 6t. 

Qairdner's Richard III, and PerUn Warbeck, crown 8?o lOt. 6d. 

Gkdg's School History of England, abridged, ISmo. 6t. 

— First Book of History— England, 18mo. St. or S Parts, 9d. each. 

— British Ck>lonies, or Second Book of History. 18mo It. 

— British India, or Third Book of History, 18mo Sd. 

— Historical Qnestions on the above Three Histories, ISmo 9d. 

Littlewood's Essentials of English History, fop. 8to St. 

liopton's Bxamination-Papers in History, orown 8to It. 

— English History, revised, orown 8vo 7t. 6d. 

Macanlay's History of England, Student's Edition, S vols, crown 8vo ISt. 

Morris's Olass-Book History of England, fop. 8vo St. 6d. 

The Stepping-stone to Bnglish History, 18mo. It. 

Tbe Stepping-Stone to Irish History, I8mo. »..».».•. m.m.m.m.».m.m....... It. 

Tomer's Analysis of English and French History, fop. 8?o St. 6d. 

Epochs of Ancient History. 

Beesty's QTaoehi,Marius and Sulla, fop. 8vo. Maps St. 6d. 

OiQpes's Age of the Antonines, f op. 8yo. Maps ^.^.^.^ St. 6d. 

■^ Early Roman Empire, fop. 8v0t Maps ..m....«m «,.... St. 6d. 

Ooz's Athenian Empire, fop. 8to. Maps......................................................... St. 6d. 

"- Greeks ft Persians, fop. 8to. Maps ...m.m.«mm.«. m.m.m.m.m.m..mm.... St. 6d. 

Ourteis's Rise of the Macedonian Empire, fcp. 8?o. Maps.............^............ St. 6d. 

Ihne's Rome to its Capture by the Gauls, fop. 8voJiaps..................... St. 6d. 

Merivale's Roman Triumvirates, f OP. 8vo. Maps St.6d. 

Bankey's Spartan and Theban Supremacies, fop. 8vo. Maps........................ St. 6d. 
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Hittaiyf jindent and Modemm 

BtowmrB BMmf c* Grtece, for IWi yhnwtii , Mtoo..^^ ^^^^^^^^ H. 

~~ MitOBy of BoBi6> tog IWniniMMB, TBiDOu ~»»».»>..».^.^>».^....~«...~.^ M* 

CMg^sHMoKjof VnniM.18BM». U. 

IhniTB BoBMHi Hkfeory. Vou. I. to IDL Sfo. ^ tft. 

■ ICadaod's Engtinh Battles of the Peninsula, fcp. 8to. ^^...^ It. 

IffMgneirg Historicsl end Miscribmeops Qnestkma. Hmo.^ ^^^^^ 4s.U. 

■ MMBdsr'B Historieal Treesazy, with Index, fepu 8?o ^^^^ 8c. 

Itatfale's HSstory of the Bomans nnder the Smpire, 8 fote. post SfO^ tfs. 

— Fan of the Boman BepoUie. ISmo. ^^^^^^ 7a. ML 

— General History of Bome, enmn 8fo. lUps 7a. U. 

PnOer'a BdKxd History of Bome, abridged from Merirale, fep.]fapa ^...^ Ss. 6dL 
BawUnsoii's Sixth Oriental Mouffcfay (the Parthian8),8?o. Haps te. Itiu 

-> Berenth Oriental Monarchy (the SaiwaiilaTia) 8to. Hm>s 4e. .JUa, 
SewcO'a Ancient History of Bc7Pt.Asejzia. and Bal9lonia.fQk.8fO.... 8c. 

— GatecUsm of Grecian History. ISmo ^.^^..^ ............... U. 8d 

— Oldld's First History of Bome. fcp. 8vo — ............................ 8c ML 

— First History of Gseeee. f^. 8vt>. Sc. ML 

— Popolar Hiirtory of Fiaiiea. crown 8to.Mm*s .................. 7c 8d. 

: Smith's d^hage and the Cathagirrians, crown 8vo 18c 8d. 

The Stepping'Stone to Grecian History, ISmo. Ic 

I The Stepping-Stone to Boman History, ISmo. Ic 



Tivlor's Student* 8 Manual of Ancient History, crown 8fo. 7c 8d. 

— Btodenf B Manual of Modem History, crown 8vo — .............. 7c 8d. 

— Btodenf B Maonal of the History of India, crown Svo............... 7c ML 

Tnmer'B Ana^als of the History of Greece, fcp. 8vo Sc 8d. 

**' Analysis of Boman History, ftst. 8to. Sc84. 

Scnpttare History j Moral and ReUgioug Works, 

' Ayie's Treasary of Bible Knowledge, fcp. 8vo. 8c 

Boolibee'B Commentazy on the TUzty-Nine Artidea, crown 8fO. .......... 8c 

I Iteowne'B Kzposition of the TUzty-Sine Artidea, 8vo. ..«».. ........18c 

Bzamiiuition Qnestions on the above* fcp. 8vt> Sc 8d. 

! Conder'B Handbook to the Bible, post Svo. Maps, &c 7c 8d. 

! Oonybeare and HowBon's Life and Spistles of St. Paul, iToL crown avow.. Sc 

I Drommoad'B Jewish MesBiah, Sro... iSc 

I Gleig'BSacredHistory,orFoarthBookofHistory.l8mo.lcor8PtttB.eaeh 9d, 
Kalisoh's Bible Stadies, Part I. the ProphecieB of Balaam, 8to. .. . lOc 9d, 

— — Part n. the Book of Jonah ~.........».. 10B.6d. 

KaUsch'B Ckmmientary on the Old Testament: with a New Trandatioa. 

Vol. I. Genesis. Svo. 18c. or adapted for the General Beader, 18f . VoL n. 
Szodns, ISc. or adapted for the General Beader. 18c. YoL m. 
LeviticDB, Part LlSc. or adapted for the General Beader, 8c. YoLIV. 
Leviticiis. Part n. ISc. or adapted for the General Beader, 8c. 

Horris's OatediiBt's Mannal, 18mo Ic 

PottB'B Paley'B Bvidences and Horn PanlincB, 8vo ......18c 

PnlUblank'B Teacher's Handbook of the BiUe, crown Svo. ................ 8c 

' Biddle'B Maff"*^^ of Scripture History, fcp. 8to it, 

' — OutUnes of Scripture History, fop. 8to U, 

I Bogen^B Sdiool and Children's Bible, crown 8to Sc 

' Bothsddld'B History and Literature of the IsraelitecSTolB. crown 8to ISc 

— — _ -. — Abridged, f<9. 8»o.. Sc 

Sewdl'B Preparation for the Holy Gommunion, 82mo. Sc 

The Steppiiig-Stone to Bible Knowledge, ISmo Ic 

Whstdy'B Introductory LesBons on Ohristiau BYidences, ISmo.... 

Mental and Moral PMhwphy, and Civil Law, 

Amos's Fifty Years of the British Constitution 10c 

— Bdenoeof Jurisprudence, Sro ...........life 

— Primer of Wiig^^h Oonatitution and Goyemment, crown avow ..... 8«. 
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Bmoh'b BBsaya, with AnnotationB by ArohbiBhop Wbateljr, Sro. lOt. 6d, 

— — aiuiotated by Hunter, crown 8to 8«.8d. 

— — annotated by Abbott, 8 toIb. fop. 8vo. «.... — .^ 6f. 

— — with Beferences and Notes by Markby. f<9. 8vo U. 6d|, 

Bain's Bhetorio and Bngliah Ck>mpositlon, orown 8vo U, 

— Mental and Moral Science, crown 8vo lOt. 6d. 

Hume's Treatise on Human Nature, by Green and Grose, 8 vols. 8vo 88*. 

— Basays, Iv the same Editors, a vols. 8to 88«. 

Leslie's Political and Moral Philosophy, 8vo ^^ ^.......^....lOt. 6d. 

iiewes'B History of Philosophy from Thales to Oomte, 8 vols. Sto 88«. 

LewiflTs Infhienoe of Anthoritr in Matters of Opinion, 8vo ^ lit. 

lOU'B Siystem <rf Logic, BatkxrinatiTe and IndnctiTe, 8 vols. 8vo 8Sf. 

KilUck'B Student's Handbook of Mill's System of Logic, crown 8vo 8«. 6d. 

Mordl'a Handbook of Logic, for Schools and Teachers, fcp. 8?o S». 

Ba&dars's Institutes of Justixdan, 8vo ISs. 

Stebbing's Analysis of Mill's Logic. 18mo ^ 8«. M. 

Bwlnbouxne's Picture Logic, crown 8to. ......^........mm. .i,-.^^^^ St. 

Hmjbumu's Outline of the Necessary Laws of Thought, post 8vo. ..: 6t. 

Ueberweg's Logic, translated by Lindsay, Svo ite. 

Whattely'B Elements of Logic, Svo. lOt. M, crown Svo U. 6d. 

— Elements of Bhetoric. Svo. lOt. 6d. crown Svo 4§, 9d. 

— LesBonn on Seasoning, fcp. Svo U. 6d. 

iVmot^p/es of Teaching^ ^c. 

CMU's Text-Book of Education. Method and School Management, fop. Svo. 8«. 
~~ Systems of Bducation, fcp. Svo. M.M.M.Mt~.MtM.... St. 6d* 

— Art of Religious Instruction, fcp. Svo ^,..^ U, 

— Artof Teaching to Observe and Think, fcp. Svo U, 

Jobnaton's (Miss) Ladies' Ck>llege and School Examiner, fcp. U, 6d. Key 8«. 6d. 
jolmston's (R.) Army and Civil Service Guide, crown Svo 60. 

« Oivil Service Guide, orownSvo. St. Sd. 

— Guide to Candidates for the Bxdse, ISmo U. 6d. 

— Guide to Candidates for the Customs, ISmo. U. 

lake's Book of Oral Object Lessons on Common Things, ISmo. It. M. 

Fotts'B Ltber Cantabrigiensis. fcp. Svo fit. 6d. 

— Account of Cambridge Scbolarships and Exhibitions, fcp. Svo it. 6d. 

— M^^wiM, Aphorisms, ftc. for Learners, crown Svo. ^ It. 6d. 

Bobinaon'e Manual of Method and Organisation, fcp. Svo. St. 6d. 

SeweQ's Principles of Education, s vols, fcp. Svo 18t. M. 

Sullivan's Papers on Education and School-Keeping, 18mo It. 

The Qreek Languagtn 

Bloomiield's College and School Greek Testament, fcp. Svo fit. 

BoUand * Lang's Politics of Aristotle, post Svo ...^ 7t. m. 

Boninger'B Lexicon and Concordance to Greek Testament, medium Svo....80i. 
OoIUa's Chief Tenses of the Greek Irregular Verbs, Svo U. 

— Pontes Graei, Stepping Stone to Greek Grammar, 18mo. St. 6d. 

— Praxis Gr»ca, Etymology, ISmo 8t.6d. 

— Greek Verse-Book, Praxis lambica. ISmo 4f. Bd. 

Omgreve's Politics of Aristotle, translated, Svo. ^ ISt. 

Oooper's Tales from Euripides, fcp. Svo...... « ^... St. 6d. 

Honkldson's New Oratylus, Fourth Edition, Svo ^ Sl«. 

« Pindar's Epicinian or Triumphal Odes, Svo ISc. 

Vterar'B Brief Greek Syntax and Accidence. ISmo 4t. (ki. 

^ Greek Grammar Rules for Harrow SchooL ISmo 1«. 6d. 

irVytpla'B Short and Easy Greek Book, ISmo 8t. 8d. 

— Eton Greek Beading-Book, ISmo It. 6d. 

— First Easy Greek Beading-Book, ISmo fit. 

0>ra&t's Ethics of Aristotle, with Essays and Notes, 8 vols. Svo 88t. 
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Wllliaurs Sieanaehean XOdn of AziMitie tindrtBi. CEoni IML......... IlML 

WrigfartPlrto'«Phgdn».l4«k«iidFiotogotM.trwMl«rirf.tBp.liBL-^ I 

'• Locver Cn^kb-Gxeek firriCTP, 4lo. "■ 

KBgUdft-Onek Lezieoa alKidged. iqaBc UtaOL 



ZcOci^t Pkto and Um Older AndcBj. Iiy AlkifBe * GoodviB. ( 



White's Grammar-Sekool Groek TcEeiL 

f TfeUfli) and Patephatw Bfc. Matthew's and St. UkA 

HOBMT. Ulad, Book I. ^^^ U, p^ 1,^ 5^ «ia<Jt 

Loeian, Selaei Dfalocaee Uu TheActeoftheApoiflea .....^ k.MU 

Xeaophon, Anaheai»,BooksI.ni. gt. FnTa VptaUa to tta Bo- 
*V.U.idLeadi:BookII.l«. nana la.( 



I 



The Foot Goepels in Greek, with Greek-Enciifli LczicoB. BditodbyJohBC"- 

White. DJ>..(>zoii. Sqnare Smo. priee Ss. 

White's Qrammar'Sekool Lfttin TexU. 

CMar.aame W«. BooksLkll. 

V.*TLU.eaeii. 
C«iar, GalUe W«, Books m. k IV. 

Vif . narh 

Cioero. Cato ICaJor U.td. 

Oioem, haSbm ^ — la, 6d. 

Battoptw, Boman History. 

Bo% L k n. 1«. Books m. 

klV.U. 
HotMe. Odes. Book L H. klY. 

U.eadi. 
Honee. Odes. Book m....^....^ Is. M. 

Uff, Books TTTT. and XXIH. The Latin Text with SngBsh 

and Grammatical Notes, and a Yocabolaxy of Fzoper Hamea. Idited k^ 
J<^bn T. White. D J). Oxon. l2mo. price fa. 6d.eaoh Book. 



Orid. 

Ovid. SeleeiMytha taw: 



PhadroB. Fables. Book L*IL lib 
Salhist. BeOnm CatiUBarIni ^ U.i<* 
Vinil. Geonifls. Booknr. ^^ la, 
Vinil. 'fineid. Books L to TL 
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»ideiiw> and Simple CfnutiniiiUmi. %i. Sd. H. 
[Ill»n In SsbiliUiM Primirill, PuU I. ft II 
Nd frlmaria, HI, th« I^tln ConiDpund Seal 

— i,^iiTiimlDin Scm Idtlnl, tamo, 4i, Bd. Keir. Ti. 6d. 

— Falattn I^tina. or Seoond Latdn BemUni-Boak, 
ini'i (iBwr'i CommenUilH. Book I, lema. U. Baola a. 
'1b (nd Blion'B LitlnSictlniiarr,lto, .,.—.„ 

TlrKU'i£iulld.Boakal, U. IILfcV.lBmo 



r^nviuruniieB twnuiue. from Livy, with BagliBbHDtea, orownSvOp ,.--., U. 

nioPabUoBohmol LwaD Primer, lemo .,„,. .„. .,-.-..«. IlM^ 

— _. _ QTUnmBr, \>v Bar. Dr. KaoDK^, POfltSTO,—...,.,™ 7f " 

, .Briea, Mmia[Ll of LBtiu^lfimg -„....-^ Bf 

itrbdmition lo ComppBitlDii or liatla VBifle. IlTi3o„.,Sf. Ad. Kej £«,«>, 
moBBoliolBr'BLiit.-KDK.AEnff.-Lat.Dlflllmiuyiiaii^ltau}. ...IDitAd. 

_..i. ! Tbe LulD-BDillili DlBtliniuir, li. 
SePKMetf j TiiB Bn»ll«li-liUn DloUoiu^, it. 

Blddla and Amold'g Bo^iti-lS^ Lsiioon. Bn. . „ lit, 

HheciarduidTame^niditoOluiJulBlii^.ltaio....- ^. Siv ti. 

TaJcr'H Latio DeleotuA, ImpioTed by WJilts, ISmo. ..., ^^..^..,,<,.< „ Bi^ii 

Vlrfll'6 Wotlia, ediledbj Komsdy. orowE 9to _ lOi, fi 

Woltord'a ProgTeiclTeBisniiHitiiLBttDB1adMV«ne,Urao.Ii.eil. Ker Si, 

White sod lUddle'i Idne I.^tan-BiuUBb DisDonai;, 1 toL Ho „ JUi. 

WhlM'a OdUbis latlu-HraliBb motloiiuT (iDtenmidSMBBLH), nwolBro... Hi, 

WliitB'a Jnmoi HciuUDf b^oi.-LU. * IM.-Bni. DiotbnwT, Ki. aaa lu, 

„ __,.,„ J mioEiHii-BaBlW>IHi£oiiK7,iiri«Tj.M, 
aaMntstf \ xhs Rudlib-lAtlii DIotloiiuT, ^oa b.«d, 

_ Klddle-ClauI^tinDiD^oiu^iBqiiue Fop. 8vo.... .,..,„„„-, „,., A^. 

_ ffi«rD'>CaUilItiorii>idI>U]fiu,i«mo. _.. „„ , ,_._.„ Si.li 

iviihtna'i Pianeuin Litln Deieotu, Itmo ,. ■■. 

"'"2™'ES'LMUiP™8KMcq|«s,oromB«).V.M. _„„.„...„-.Kv fa.* 
^ UuiAlof l'UliiPniul^>ui»aaltiloii,snKniBro. JI.U. Eq li.a 



^ror LttiiiXiTT 



London. LOHQMANS & Ca 



16 General Litis of Sohool-Booki 



/_ 



The French Language. 

Albit^'f How to Speak Frenoh, fop.Svo 5«. 6d. 

— InstantaneonB Frencli Exercises, fop. U, Kb r, St. 

GtauMal's French Gen4erR. orown 8vo. 8«.M. 

Oaasal k Karoher's Oradnated French Translation Book,PABT I. UM* Taxt n^fii. 
OcmtanBean's Practical French and Bngliah Dictionary, postSvo. 7«. 6d. 

— Pocket French and English Dictionary, sanare 18bio. 8«. 6d. 

— Premieres Lectorea, Umo St.6d. 

— First Step in French. ISmo 8t.6d. KegrSt. 

— French Granunar, 12mo 4s. Key St. 

Oontansean's Middle-Olasa French Course, f cp. 8vo. 



Accidence. 8d. 

Syntax, 8d. 

Irench Ck>nTer8ation-Bool^ 8d, 

First French Exercise-Book, 8d. 

Second French Exercise-Book, Sd. 



French TranslatioupBook. 8d. 
Easy French DeleotoB, 8d. 
First French Header. M. 
Second French Beader, M. 
French and Bnglidi Diakwoes. Sd. 



Oontansean's Onide to f^nch Translation. 12mo 8«. 6d. Key 8«. id. 

— Prosatenrs et Pontes Franfais, ISmo St. 

— Precis de la Litt^ratnre Franfaise, ISmo. St. td. 

— Abr^g^ de THistoire de France, ISmo St. 6d. 

Merlet's French Grammar, fcp. 8vo.......... St. M, 

— French Pronunciation and Accidence, fcp. St. 6d. \ »-<» ,^^ •. «^ 

— Syntax of the French Grammar, fcp. St. M. ^*.ey.pnoe5t. m. 

— lie Tradnctenr, fcp. 8vo 6t.t4l. 

— Stories for French Writers, fcp. 8vo. St. 

— Aper^ de la Litt^ratnre Francaise. fcp. 8yo St.M. 

— Exercises in French Oompositlon. fcp. Svo „ St. 6d. 

— French e^onymes, fcp. 8yc 2t.6d. 

— Synopsis of French Grammar, fcp. 8to St. td. 

Prendernsf s Mastery Series, French. ISmo St. 64. 

Sewell's Contes FacQes. crown Svo — ^ St.Sd. 

The SteppiiuHStone to French Pronunciation, ISmo „ It. 

Sonrestre^s PliiloBophe sons les Toits,by Stidvenard. square 18mo It. Sd. 

Sti^enard's Lectures Fran^aises from Modem Authors, ISmo „„. 4t. 6d. 

— Bules and Exercises on the French Language. ISmo St. id. 

Tarrer's Eton French Grammar. ISmo ^ ^ 6t. 6d. 

German, Spamshf Hebrew, Sanskrit, 

Benfev's Sanskrit-English Dictionary, medium 8vo 5St. 6d. 

BlaokleVs Practical German k English Dictionary, poet 9n>, 7t. 6d. 

Buohheim's German Poetry, for Benetition, ISmo,...^^ St. 6d. 

CoUis's Oard of German Irregular Verbs. S^o ....~.«.»............... St. 

Fiacher-Fisohart's Elementary German Grammar, fcp. 8vo. St. Sd. 

Just's German Grammar. ISnio It. Sd. 

— German Beading Book. ISmo. St.Sd. 

Kalisch's Hebrew Grammar, 8vo ...Part I. ISt. 6d. Key 6t. Pttt n. ISt. 6d. 

Longman's Pocket German k English Dictionary, square ISmo. ............... St. 

HOne's Practical Mnemonic German Grammar, crown 8vo St. Sd. 

MfUler's (Max) Sanskrit Grammar for Beginners, royal 8n>. ....»...lBt. 

Naftel's Elementary German Oourse for Pv^lic Sclwols. fgp. Svo. 
German Accidence. 9d. 



German Syntax. Od. 

Fbrst Gtorman Exercise-Book, 9d. 

Second German Exeroise-Book,Od. 



'uDuc Bcnoois. lap. ivo. 
Gtorman Prose Oomposltioii Book«8d. 
First German Beader, 9d. 
Second German Beader. 9d. 



Prendergast's Handbook to the Mastery Series. ISmo. ...» «... St. 

" Mastery Series. German. ISmo St.Sd. 

— Manual of Spanish. ISmo St.8d. 

— Manual of Hebrew, crown Svo St. Sd. 

Wirth's German Ohit-Ohat, crown Svo. St. Sd.- 
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